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ABSTRACT

The infrared absorption of carbon dioxide has been calculate'!
over a wide range of path length, pressure, and temperature from 500
to 10,000 cm"1 . The results are presented in extensive tables which
give the transmission over intervals of 5 cm']l and also averaged over
larger intervals. The calculated data representing the intensity,
position, and number of spectral lines in a given frequency interval
is tabulated in a form which is useful for further transmission cal-
culations. All lines from all isotopic species having an intensity
greater than 10-8 of the strongest line in an absorption region were
included in the calculation.. The transmission values were calculated
from the quasi-random model which simulates the actual frequency and
intensity distributions of spectral lines better than previous models.

tii



CONTENTS

SECTION PAGE

I INIKODUCTION . . . 1-1

2 MOLECULAR STRUCTURE OF CARBON DIOXIDE . . . . . . . 2-1

2.1 Vibrational Analysis . . . . . . . . . . . . . 2-1
2.2 Infrared Bands 2ý7
2.3 Structure of Vibrational Bands; Individual

Lines 2-11
2.4 Relative intensity of Vibrational Bands 2-16

3 CALCULATION OF TRANSMISSION 1,;ýBLES . . . . . . . . . 3-1

3.1 Introduction . . . . I . . . . . . . . . . . . 3-1
3.2 Calculation of Normalization Constants . . . . 3-4
3.3 Calculation of Spectral Transmission . . .%. . 3-5
3.4 Use of Appendices . . . . . . . . . . . . . . . 3-8

APPENDIX

A THE, VIBRATIONAL ENERGY LEVELS FOR THE EIGHT
MAJOR ISOTOPIC SPECIES OF CARBON DIOXIDE . . . . . . . A-1

B THE COEFFICIENTSto AND n FOR THE TOP FIVE
INTENSITY DECADES B-1

C CARBON DIOXIDE TRANSMISSIONS BASED ON THE
BENEDICT LINE SHAPE C-1

D CARBON DIOXIDE TRANSMISSIONS BASED ON THE LORENTZ
LINE SHAPE AT 1.0 ATMOSPHERE PRESSURE . . . . . . . D-1

-1E CARBON DIOXIDE TRANSMISSIONS AVERAGED OVER 20 cm
WITH ENTRIES EVERY 10 cm-1 . . . . . . . . . . . . . E-1

iv



CONTENTS (Cont'd)

APPENDIX PAGE

F CARBON DIOXIDE TRANSMISSIONS AVERAGED
OVER 50 cm- 1 WITH ENTRIES EVERY 25 cm"......... F-i

G CARBON DIOXIDE TRANSMISSIONS AVERAGED OVER
100 cm"I WITH ENTRIES EVERY 50 cm" 1 . ..  . . . . . . . . . . .  G-I

()



ILLUSTRATIONS

FIGURE PAGE

3-1 COMPARISON OF THEORETICAL RESULTS 'JITH THE
EXPERIMENTAL MEASUREMENTS OF BURCH, CRYVNAK
AND WILLIAMS 8 FOR THE 15)1 BAND ........... 3-10

3-2 COMPARISON OF THEORETICAL RESULTS WITH THE
EXPERIMENTAL I&EASURE4ENTS OF BURCH, GRYVNAK
AND WILLIAMS 8 FOR THE 4.3p BAND ........... ... 3-11

3-3 COMPARISON OF THEORETICAL RESULTS WITH THE
EXPERIMEITAL MEASUREMENTS OF BURCH, GRYVNAK
AND WILLIAMS 8 FOR THE 2.7 p BAND ........ .......... 3-12

TABLES

TABLE PAGE

1 VIBRATIONAL CONSTANTS ............ .............. 2-3

2 FERMI RESONANCE CONSTANTS .............. 2-6

3 FERMI RESONANCE CONSTANTS .......... .............. 2-6

4 GROUPS OF INFRARED-ACTIVE CO2 TRANSITIONS ........... 2-8

5 ROTATIONAL CONSTANTS FOR C1201 6 . . . .. . .. .. .. .. .. ..  2-12

6 RELATIVE INTENSITIES OF 15p C02 BANDS ......... 2-18

7 RELATIVE INTENSITIES OF PARALLEL BANDS (A B - 0)
IN FERMI RESONANCE ............. ........... ... 2-20

8 RELATIVE INTENSITIES OF PERPENDICULAR BANDS (.& g - t 1)
IN FERMI RESONANCE. . ................ 2-21

9 NOS4ALIZATION CONSTANTS ..... ............... .... 3-6

vi



SECTION 1

INTRODUCTION

The amount of infrared radiation which is transmitted through'
the earth's atmosphere is determined largely by the behavior of two
molecules: carbon dioxide and water vapor. In this report a method
is described for the calculation of the spectral transmission of carbor
dioxide over a wide range of infrared frequencies. The results which
were calculated on high speed digital computers are presented in the
form of extensive tables. A companion report (SSD-TDR-62-127 - Volume II)
presents similar data for water vapor.

The most extensive transmission tables which havT previously
been calculated are those of Ballard, Larmore, and Passman . Their
tables cover a wavelength range from 0.3 to 7.0 ý. at intervals of 0.11i.
The results are for one temperature (300 0 K) and one pressure (1 atmosphere).
They assumed that the transmission is given by the Elsasser model. In
particular, they used the error function approximation for the Elsasser
model which is of limited accuracy at the higher pressures and shorter
path lengths. Furthermore, the -Esasser model sometimes provides a poor
representation of the transmission of the carbon dioxide spectrum
mainly because of the variation in line intensity from one line to the
next.

Tables of carbon dioxide transmission are presente. in this
report for the frequency range from 500 cm" (20 microns) to 10,000 cm" 1

13. S. Ballard, L. Larmore, S. Pasaman, Fundamentals of Infrared for

Military Application, The Rand Corporation, R-297, March 31, 1956 (C).
2V. R. Stull, P. J. Wyatt and G. N. Plass, Bull. Amer. Phys. Soc. 6,
336 (1961); J. Opt. Soc. Amer. 52, 1209 (1962).
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(Ig) at intervals of 2.5 cm"' for three temperatures (300, 250, 2000K),
seven pressures (1.00, 0.50, 0.20, 0.10, 0.005, 0.002, 0.001 atm), and for
fifteed amounts of CO2 betwecn 0.2 and 10,000 atm. cm. ,These temperatures

anO pressures cover the range of values which occur in the earth's
atmosphere at altitudes where thermal equilibrium occurs. At higher
altitudes calculations which assume equilibrium are invalid. However,
this is not a serious limitation since for most paths almost all of the
absorption of infrared by carbon dioxide occurs below these altitude:s."

These calculations were carried out using the quasi-random
mooel which is capable of representing the spectral transmission of
moiecular gases quite accurately. A detailed description of this model
is given in SSD-TRD-62-127 - Volume II.

In Section 2 the molecular str, cture of CO2 is described to-
gether with the rotational and vibrational motions. The intensities
and frequencies of the spectral lines are described. In Section 3 the
details of the calculation of the transmission tables are described.

1-2
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SECTION 2

MOLECUM.R STRUCTURE OF CARBON DIOXIDE

2.1 VIBRATIONAL ANALYSIS

Carbon dioxide is a linear triatomic molecule whose vibra-
tional energy levels are given by 3

SG(VIV2,V3;X) a) i (vi,+di) + xij(vi+Adi)(vj dJ)
i-l i-lji

3 (1)

L. •. Z Yijk(Vi'½di)(vj+ dj)(Vk'dk) + + g 22

i-l Ji k~j

where vlv.,V3 are the vibrational quantum numbers, di are the
vibrationai degeneracy indices which for triatomic linear molecules
have the values dl - d 3 - 1, d 2 - 2, 1 is the quantum number repre-
senting the angular momentum associated with the degenerate vibrational
mode about the symmetry axis of the molecule and can assume the values
V2, v2-2, v2 - 4, ...,l or 0 depending on whether v 2 is odd or even.
The coefficients Wi, xij, 9ijk, g2 2 can be expressed in terms of the
potential constants for ihe molecule. However, they are usually
determined directly by fitting Eq. (1) to a series of m easurements
of vibrational energy revels.

3 G. Herzberg, Infrared and Raman Spectra, D. Van Nostrand Co., Inc.,
Princeton,, 1945.

2-1



For lower order energy levels (small values of v1 v2,v
it is usually sufficient to retain terms to second order in vi iai
Eq. (1) in order to determine the energy accurately.3 However,
Courtoy4 has shown that the inclusion of third order terms in Eq. (1)
determines the vibrational energy to within 1 cm"I for nearly all
values of the quantum numbers vi which are of interest. The best
values of the vibrational constants as determined by Courtoy4 are given
in Table I.

The vibrational constants are in general different for each
isotopic species. The constant given in Table I for symmetric isoto ic
species such as C1 3 0 6 and C12O18 were determined from those for C12O6

by means of these relationships given, for example, by Herzberg: 3

(i) - m(O)
S m(O) , (2)

1 m(O) 2i)

W____M G) re(o) + -m(C)(i) 1
2 3 m Q.m()~ 2

•2 •3 m(0)) M 11 + U 2 O3
L rem(C' ) _

((3)

xi G) xij Pi 0io , (4)

, (i) • o ,.(5)

ijk ijk i j k '

where m(O) and m(C) are the masses of the oxygen and carbon atoms
respectively. No such relationships exist for species such as C12016018

4C. P. Courtoy, Ann. de la Soc. Sci. de Bruxelle6, 63 (March 27, 1959).
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TABLE 1

VIBRATIONAL CONSTANTS

Species 12 16 1316 12016018 C1 3 0 1 60 1 8  - 1 2o 18Ce 0 2u 02 u ,02

Constan 2 22

cc l(cm" ) 1354.91 1354.91 1316.08 1316.08 1277.25

S2 673.00 653.83 667.83 648.53 662.66

3 2396.49 2328.22 2378.07 2309.34 2359.66

xl1 - 3.75 - 3.74 - 3.54 - 3.54 - 3.33

x22 - .63 - .64 - .62 - .63 - .61

x33 -12.63 -11.85 -12.43 -11.66 -12.24

x 12  3.65 3.50 3.52 3.37 3.39

x13 -19.37 -18.89 -18.67 -18.20 -17.98

23 -12.53 -11.75 -12.34 -11.56 -12.15

Ylll .13 .13 .13 .13 .13

Y222 .01 .01 .01 .01 .01

Y333 .015 .015 .015 .015 .015

Y112 - .08 - .08 - .08 - .08 - .08

Y122 - .07 - .07 - .07 - .07 - .07

Y-3, .07 .07 .07 .07 .07

Y1 1 3  .00 .00 .00 .00 .00

Y223 .00 .00 .00 .00 .00

Y233 .01 .01 .01 .01 .01

Y123 .02 .02 .02 .02 .02

922 .775 .790 .770 .770 .780
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/
which have a different symmetry than that of the main species. How-
ever, when the mass difference between isotopes is small, as is the
case for C02, the constants for the asymmetric species can be de-
termined by interpolation between the main species and the Lorrespond-
ing symmetric isotopic species. For example, the constants for
C120 1 6 01 8 can be obtained by interpolating linearly between C12016
and C12018. It turns out that Eqs. (2), (3), (4) and (5) and linear
interpolation obtain good agreement with all the measurements which
Courtoy4 has made. Thus, this method can be used with confidence
to calculate the vibrational constants for isotopic species of CO2
for which no measurements exist.

In polyatomic molecules it may happen that two or more
vibrational levels corresponding to differcnt vibrational modes (or
combinations of m' 4es) may have nearly the same ener3y and be of the
same symmetry type. This accidental degeneracy or Fermi resonance
perturbs the participating vibrational levels and produces states
which are mixtures of the initial states with energies different from
the Initial energies. This shift of the levels is greater when the
unperturbed energy levels are closer to each other.

For C02, G(O,2,0;O) - G(1,O,0;O) and the corresponding levels
are of the same symmetry type. From this it is clear that a level
(vl,v 2 ,v 3 ;i) will be in Fermi resonance with the level (vl-l, v2 +2,
v3 ;1). This means that for each set (v 3 ;0) there are (VIA+(v 2 -1) + 1
levels in resonance. The magnitude of the energy level shifts can
be calculated by first order perturbation theory. The diagonpl elements
of the energy matrix are computed from Eq. (1). The final values of
the vibrational energy are the eigenvalues of the matrix whose off-
diagonal elements have been shown by Amat and Goldsmith5 to be

W , 2, " 3 2 X v X 1r2+2 )2" 1
vI ,v 2' ,v 3 31 W0 1 V v- 3v32X 2 j- 1 (v2  y

if Vl V I-I v2 1 v 2+2; v 3 ' . v3 ; 3 ' - 2,

= 0 otherwise

5G. Amat and M. Goldsmith, J. Chem. Phys. 23, 1171 (1955).
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Courtoy 64 has determined the constants in Eq. (6) experimentally.
His results are given in Table 2. The Fermi constants for other
isotopic species can be determined by extrapolation and interpola-
tion of the values giver, in Table 2. Fermi constants determined in
this way are given in Table 3 for four species which have relatively
significant abundances.--

Of the twelve isotopic species of carbon dioxide, eight
occur in sufficient abundcanct to be considered in the present study.

These species and their relative abundances are: C 12 (16 00),
13 16 8 - 52 1 3 161 7 - 63 12 1 8 -6

C1301h (1.12xl0"2), C201601 (4.0x10"3), C201607 (8.0xl0"4),

C 130 0 18(4.5x10 5), C13016017 (8.9x10 6), C 1208 (4.lxlO 6), and

C 12017018 (1.6x10 6).

The most extensive previous calculations of the vibrational
energy levels of CO2 have been made by Co toy. 4 ,6 He has tabylated
the energies of 74 levels Of species C1 20•b, 48 levels of C13 0•" and
9 levels of both C1 2 01 60h and C130 16 018 . In the present study it is
necessary that the vibrational energies be known for all energy levels
up to the levels (12,0&0;0), (0,24,0;24) and (0,0,6;0), at least for
the main species cl20 . This results in a total of over 1800 energy
levels. The calculation of these energies has been carried out using
an IBM 709 computer. Since it was convenient to do so all of these
levels were calculated for all eight isotopic species.

The calculation necessary to obtain these values consists
first in evaluating the unperturbed energies using Eq. (1) and the
off-diagonal matrix elements using Eq. (6), and finally diagonalizing
the resultant energy matrix. 7n the usual manner the energy matrix
is broken up into submetrices which are in turn diagonalized. This
last phase of the program is a formidable computation in itself for
it involves the diagonalization of the submatrices which may be as
large as 13 x 13. For the calculations which have been carried out,
an eigenvalue routine written by Dr. George Baker of the Los Alamos
Scientific Laboratory was used. This method consists of first cal-
culating the first n matrix powers (using double precision arithmetic

C. P. Courtoy, Can. J. Phys. 35, 608 (1957).
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TABLE 2

FERMI RESONANCE CONSTANTS

"-.Species C 2 0C1008

onspeants 12016 13 16 C120018 C 130 16 018

Const~ant C 2 020

WO (cm-1), 51.31 46.52 52.50 47.80

xI " .15 .10 .10 .09

x2  " .41 .37 .40 .36

x 3 .78 .74 .75 .74

xe 0 0 0 0

TABLE 3

FERMI RESONANCE CONSTANTS

-..~ecies o o o12 16 17 13 16 17 12 18 .12 17 18C 0 0 C 0 0 C ,0 2 00

Constant •

WO (cm ) 51.91 47.66 53.69 53.09

X " .13 .10 .05 .08

"2 .41 .37 .39 .40

X, .77 .74 .72 .74

x 0 0 0 0
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in order to minimize round off difficulties) and their traces. Then
by means of Newton's identities, the traces are used to calculate
the coefficients of the characteristic polynomial. The roots of
this-characteristic polynomial are then obtained. The final tabula-
tion of the perturbed energy levels comprises the most extensive
known to date and is almost fifty times the size of Courtoy's.

The calculated vibrational energy levels agree to five
significant figures with the measurements of Courtoy.4,6 The results
including more than 1800 energy levels for each of the eight isotopic
species are tabulated in Appendix A.

2.2 INFRARED BANDS

In the present study the spectral region considered is from
500 to 10,000 cm" . The lower limit is chosen so as to include the
15p CO2 band, but to exclude all the stronger lines of the purely
rotational H20 spectrum,. Within this limitation only certain of the
vibrational transitions of CO2 need be considered. The frequencies
of the fundamental vibrational modes of CO2 have values such that a
transition corresponding to a unit change in v 3 has approximately
the same energy as a change of 2 units in vI and a change of 4 units
in v 2 . This point is useful in cataloging the vibrational transitions
of C02 , since any transition can be imagined as corresponding to some
integral multiple of A v 2 . Thus the transitions which are effective
in the spectral region of interest can be divided in 22 separate
groups, each group (with 2 exceptions) corresponding to a different
integral multiple of A v2 . This is illustrated in Table 4.

In general the vibrational transitions active i1 the infrared
are dipole transitions determined by the selection rules,

1) At 0,1 v 2 -even, v3 -odd

2) A - t 1, V2 -odd, v3-even

13 18
for symmetric species such as C 0 and

2

1) A = O,

2) L•I-+1

for asymmetric species such as C 20 160 18 . It is clear that there is a

2-7
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very large number of sets (tAvlA v2 ,1 v3 ) consistent with theme
selection* rules, especially for the higher frequency groups of
transitions. In the present study all of the sets for each of the
.22 groups were determined by programming the selection rules for
the I13 709 computer.

The next phase of this study was a determination of all of
the pairs of levels and the corresponding transition frequencies
from the previously obtained energy tables for each of the sets
(Avl, Av 2 ,Av 3 ). With no further rebitriction there would obviously
be an extremely large number of transitions. The intensity of a
given transition is proportional to, the population of the initial
state. In thermal equilibrium this population is proportional to the
Boltzmann factor, exp (-G/kT). In the present study only temperatures
of 3000 K and lower are of interest. At these temperatures levels with
energies greater than or equal to that of the state (001,0) are
negligibly populated. Thus the only transitions included were those
with one of the following eight initial states: (000,0), (010,1),
(020,0), (020,2), (100,0), (030,1), (030,3) and (110,1). Even with
this limitation a large number of transitions remain. The number
of transitions in each group for symmetric and asymmetric molecular
species are given in columns 6 and 7, respectively, of Table 4.

Attention should be called to transition groups 7, 9, 11,
13, 15, 17, 19 and 21. There is no mention of these transitions in
the literature. Apparently they are too weak to have been observed
experimentally. 7 , 8 However, they are allowed by the selection rules
and should be included in the spectrum. These transitions fall into
a regular progression behind groups 1 and 4 and as Herzberg 3 points
out such progressions show a regular falling off in intensity. A
comparison of the measured intensities of the transitions of group I
and those of group 4 would lead one to expect that the transitions
of groups 7, 9, etc. have very low intensities. Thus they would be
difficult to observe. The actual intensities of these transitions
will be considered in section 2.4.

7 j. N. Howard, D. E. Burch, D. Williams; Sci. Rep. #l, AF 19(604)-516
The Ohio State University, Dec. 1954.

8D. E. Burch, D. Gryvnak, D. Williams, Sci. Rep. #2, AF 19(604)-2633,

The Ohio State University, Jan. 1961.
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2.3 STRUCTURE OF VIBRATIONAL BANDS; INDIVIDUAL LINES

For each vibrational energy state of a molecule there are a
number of rotational energy states. Thus a given vibrational transi-
tion can occur in combination with any one of a number of rotational
transitions. The rotational transitions form a line spectrum which
constitutes the structure of the vibrational band.

The rotational energy of a linear molecule is given by

F v(J) - B vJ(J+l) (7)

where

3

B Be a (v + dd.) (8)Bv Be i vi •

i-i

_The quantum number j corresponds to the total angular momentum of the
molecule and in general j cakes on the values 2, 1 + 1, 1 + 2 .....
However, for a molecule such as CO2 J can only take on the values
0,2,4 ... when I - 0. This result arises in the following way. For
a molecule in the symmetry class corresponding to the symmetric species
of CO2 the rotational levels are alternatively symmetric and anti-
symmetric. 3 The ratio of the statistical weights of the antisymuetric
and symmetric states is given by (s/(s+l)), 9 where s is the spin of the
two identical nuclei in the molecule. Since-the spin of 016 and 018
are zero the statistical weight of th isymmetric rotational levels

l12 6,C and C1 2C60 vanish. Thus only everyof the mlclsC2adC2l

other rotational level occurs for these molecules. However, when the
quantum number I > 0, each rotational level is doubly degenerate; the
pair of states corresponds to the values + 2 and - 2 for the component
of angular momentum about the symmetry axis. Thus the absence of
alternative levels does not manifest itself and j can take on all
values ý 2 . It should benoted that thee is no such alternation
for asymmetric molecules such as C12 01 010. For such species the
quantum number j -. , 2 + 1, 1 + 2 ... for all values of 2.

"9 L. I. Schiff, Quantum Mechanics, McGraw-Hill, New York (1949).
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Equation (7) does not include second and higher order terms
in the rotational energy. These terms are negligible for CO2 because
the coefficient of the second order term (Dv j 2 (j+l)2 ) has been found to
be < 5 x 10-7 Bv, 10 Thus even for J 100 which is the maximum value
considered in the present study the first order term dominates. Higher
rotational states do not have to be considered since the populations
are too small in thermal equilibrium for spectral lines arising from
these states to lie in the intensity range considered here. Val%,es of
the rotational constants Be, ai have been determined by Benedict, et alI0

from the experimental measurements and are listed in Table 5. For the
other isotopic species the relations 3

B( ) Be( P P 2/3
Be Be 2 3 (9)

(i) a 3 (10)
j j(Pj)

can be used, where the p j are defined in Eqs. (2) and (3).

TABLE 5

ROTATIONAL CONSTANTS FOR C 016

B I a 2  a3
e1a

.3925 .00058 - .00045 .00307

An individual spectral line in a vibration-rotation spectrum
can be completely described by as few as three parameLers. These are
the frequency, intensity, and a line shape parameter. In the simplest
description, this latter parameter is taken to be the same for all the
lines of a given molecule. Thus, each line requires only two descrip-
tive parameters.

10w. S. Benedict, R. Herman, S. Silverman, J. Chem. Phys. 19, 1325 (t951).

2-12



Thre frequency of a given spectral line is simply proportional

to the difference between the total energy (in the present case vibra-- •

tional plus rotational energy) of the initial and final states of the
corresponding transition. The line strength or intensity p!Iameter is
usually taken to be integrated intensity, which is given by

sV',VJ' 87c3 v',i',j' N. ( hc(G(v, ) + Fv(j)l
v,1,JI = h-c wv,,j ep - kT

4v s(j,) [1 - exp - k1  )

v ,kj

where .a v £j,' is the wavenumber of the line, N is the number of

molecules per unit volume, Q is the partition function, p is the
pressure, and s(4,1) is the square of the pure rotational matrix
element given by3

(jl)~2.- 2 J+ - +1, Al - 0 ,

j(J + 1) 'i 2 . 2
J , A j = -0, A£, 0

S. S. Penner and A. Thomson, Tech. Rep. No. 25, Contract No.
Nonr-220(03), NR 015401, Guggenheim Jet Prop. Center, Calif.
Inst. Tech.
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and

(J+2± I ) (+lt I Aj +1, A)9- 1

2 (j + 1)-+1 A ±

s(8,J) = (J+'+ 1) (J;1(2 ,+t Aj - 0, Al t 1 (13)23J(0 + 1) ' " '

S(J- lZ 1 ) +• Aj =1 Al = .t 1.
2J - 1,ti

Equations (12) and (13) imply the well-known rotational selection rules
governing the quantum number J, i.e. A j = 0, t 1.

In Eq. (11) the amplitudeI l, J . can be written asv', ' 2 1,•
ij, t where Rv' are the pure vibrational matrix

elements of a non-rotating oscillator and f v'!' are correction

factors which account for the interaction of vibration and rotation.
For diatomic molecules at high temperatures it is known that this
interaction may be significant. 1 2 ,1 3  However, the theory of poly-
atomic molecules is not sufficiently developed to permit a quantita-
tive description of fjJ' i .j It has been found that neglecting this

interactioaA (i.e. assuming fv , 1) usually does not cause serious

disagreement with experiment for T 5-5 300 K.

A useful parameter here is the band strength defined by

v V . _ Z Sv;,J' '. 8i3 "V V N hcG(V.[)-

Sv, 

v, JI 3hc V, 9 exp .

(14)

a ~ 2~ (j, 1) exp r CkTi
ii'

1 2 R. Herman and R. F. Wallis, J. Chem. Phys. 23, 675 (1955).

13V. R. Stull and C. N. Plass, J. Opt. Soc. Amer. 50, 1279 (1960).
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I
Ii,

which, if there were no overlapping of lines in the band, would be" ~- ve to

equal to the total band absorption. The mean frequency ca v, is
defined 

by

v•'VhcFv(j) \• vv•,J

Q) V4,11 s(j,I) ex- (,) d hcF (j
v,A _ s(J*, ) expLikT . = vj kT .

Ji' Ji'

(15)

fv,I ~ s(j,x) 1"ep• kT

Since at infrared frequencies and ordinary temperatures

)xp Vo [1 - exp( - -'.

[1 - exp ( kT k

and since f ,V 1, then

o , ' j'hcF(J)

S '', cV, v,,j exp s(j,) (16)SVo, vs "' V ',to kT J

where
a V,A

1 s(j,A) exp hcFv(J)1 (17)
ji' kT J

and the denominator in this expression may be recognized as the
rotational partition function QR'

From Eq. (17) and (14) it follows that Amplitude Cv,.1

(i.e. the vibrational intensity) for any vibrational transition and
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any temperature may be related to that of another transition at another
temperature, so that

(T) - IR Cv:, N(T )Q(T0  hcG(*, 2*) -hcG(v ])
v, I RV** oT N(T 0)Q(T) ep kTo kT

(18)

where I is the ratio ( '2 IR tR* hsi
V ' R, 2 RV ,2. 2 Thus if

Cv, (T) is known for any one of the vibrational transitions included

in one of the 22 groups described previously and if the ratios IR are
known for the group then the intensity of any individual line at any
temperature may be calculated from Eqs. (18) and (16). It is to be
noted that Eq. (18) equally well expresses the relationship between
vibrational transitions belonging to different groups. However, it is
only within a single group that the ratio IR can be readily determined.
The method used to determine the relative intensity ratio IR will be
discussed in section 2.4.

For C02, in calculations using Eq. (18) it may be assumed 0
that N(T) i (p/T) and that the partition function is given by 3

W 1 1 hcBe
Q(T) = J c- 3 15 kT

i=l

(19)I lhCBe 2 I hcBel " ____ 1
+4 hc e 2 + 1 + exp- hcG(OO)

35 kT 3 315\ kT-) kT

where wi are ...e frequencies of the three fundamental vibrational
modes. This expression neglects the interaction of vibration and
rotation and assumes Bv - Be. These assumptions are quite valid for
T 5 300 0 K. These simplifications are implied by the suppression of
subscripts and superscripts on Q in all of the above expressions.

2.4 RELATIVE INTENSITY OF VIBRATIONAL BANDS

The quantum mechanical expressions for the matrix elements

Rv: for polyatomic molecules such as CO 2 have never been calculated.
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Thus, vibrational intensities must be obtained semi-empirically.
Ideally, high resolution experimental data would give the intensity of
each individual vibrational transition. However, only a small amount
of such data is available. Yamamoto and Sasamori1 4 sumuarize the
measurements of Kostkowsky, Kaplan, Madden and Fggersl 5 , 1 6 ,17, 1 8 on
the transitions in group 1 (15.0 ý region). This data includes most
of the significant transitions and is quoted in terms of relative
intensities in Table 6. Since only a sparse amount of such data is
known to exist for the other groups of transitions19 the relative
intensities must be determined by a semi-qualitative method. If a pair
of the transition groups is compared, it is found that there is a one-
to-one correspondence between the transitions in each group (if those
transitions are taken together which are in Fermi resonance with each
other). Thus one would expect that the variation in intensity from
transition to transition in one group would be approximately the same
as for the corresponding transitions in another group. If it is
assumed that this is the case then the relative intensities for the
transitions in all of the groups can be derived from those of group 1
which are given in Table 6.

When Fermi resonance occurs this method gives only the total
I intensity of each resonating group. In addition the distribution of

intensity over the member transitions must be determined. Courtoy6

has calculated the matrix elements for a number of resonating groups
in his treatment of the effect of Fermi resonance on the rotational
constants. For parallel transitions (A - 0) the relative intensities
are directly proportional to these matrix elements. Thus Courtoy's
results give the intensities directly. For the perpendicular transi-
tions (1 = t 1) it is known that most of the intensity is concentrated

14G. Yamamoto and T. Sasamori, Sci. Rep. Tohuku Univ., Geophysics

Series 5, 10, 37 (July 1958).
1 5 L. D. Kaplan and D. F. Eggers, Jr., J. Chem. Phys. 25, 876 (1956).

1 6 H. J. Kostkowsky, Contract No. 248(01) Johns Hopkins Univ. (1955).
17 H. J. Kostkowsky and L. D. Kaplan, J. Chem. Phys. 26, 1252 (1957).

1 8 R. P. Madden, Contract No. 248(01) Johns Hopk.ins Univ. (1957).

19S. S. Penner, "Quantitative Molecular Spectroscopy and Gas Emis-

sivities", Addison-Wesley (1959), p. 310.
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TABLE 6

RELATIVE INTENSITIES OF 15 pi CO2 BANDS

Transition 
1R - vRv,, 2'0/II oo I2

R _' %010,

000,0 -4010,1 1.000
010,1 -+020,2 .906
010,1 -4 020,0 .539
010,1 -•100,0 .711
020,0 -*030,1 2.52/A
020,0 -4110,1 .
020,2 -+030,1 18
020,2 -*030,3 1.177
020,2 -- 110,1 .194
100,0 -*110,1* .080
100,0 -+030,1 .016
030,1 -- 040, 0* .015
030,1 -- 040,2* .005
030,1 -•120,0 .695
030,1 -+120,2 .024
030,1 -- 200,0* 2.800
030,3 -+*040,2 .150
030,3 -. 040,4* 1.050
030,3 -+120,2 .209
110,1 -- 120,0* .511
110,1 -- 120,2* .024
110,1 -- 200,0* 2.000
110,1 -+040,0* .011
110,1 -+040,2* .005

The relative intensities of these transitions were not given by
Yamamoto and Sasamori 1 2 but were determined on the basis of the
distribution of intensity within Fermi resonance groups which is
discussed in section 2.4.
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in the highest frequency member of a set of resonating transitions. 2 0 ' 2 1

Taylor, Benedict and Strong2 0 give estimates of the relative intensities
of the members of particular resonating pairs and triplets. From these
and Courtoy's calculations, which go as far as quintet groups, it has
been possible to make estimates of the distribution of intensity in
resonating groups up to order 13 by graphical extrapolation. These
results are given in Tables 7 and 8. For example, if it is assumed
that all sextets contain the same distribution of intensities, then all
the necessary relative intensities can be determined. This method was
used in the present calculations except for group 6 (4.3p•) where
according to Benedict 2 1 it is known that the "cross-over transitions"
(e.g. 020,0 -- l01,0) ;'.re orders of magnitudt less intense than the
corresponding "noncross-over transitions" (e.g. 020,0 -+021,0). The
factor which was used in the present calculation is 10-4.

Finally, the intensities for the transitions of each isotopic
species must be multiplied by the relative abundance of the species.
There are new transitions for the asymmetric isotopic species which do
not occur in the symmetric isotopes. All of these transitions are very
weak, because the replacement of 0,16 by 018, for example, introduces
only a slight mass asymmetry. The weighting factor which was used for
these transitions was 10-5. 21I

The above method has been used in the present study to determine
all of the relative intensities of the transitions in each of the transi-

tion groups. This calculation was programmed for the 709 IBM computer and the
extensive results have been tabulated, but are not included in this report.

When the relative intensities are known, there remains only
one unknown parameter for each group as is seen from Eq. (18). This
parameter or normalization constant is determined by comparing the
calculated values of the total absorption for the transitions in a
given group at particular values of pressure and CO2 amount with measured
values of the same quantity. Details of this method are given in
section 3.2. However, measurentents are not available for &.l 22 transi-
tion groups of interest. In fact, as previously mentioned, the absorp-
tion is too weak to have been detected for some of the groups. For these
groups the following qualitative method is used to determine the
intensities. An examination of the groups shows that they fall into

20J. H. Taylor, W. S. Benedict, and J. Strong, J. Chem. Phys. 20,

1884 (1952).
21W. S. Benedict, private communication (May 1962).
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harmonic sequences. For example the primary transitions of groups 1,
4, 7, 9, 11, 13, 15, 17, 19, 21 fall into a simple harmonic series.
Similarly the primary transitions of groups 6, 8, 10, 12, 14, 16, 18,
20, 22 fall into another harmonic sequence. As indicated by Herzberg 3

there is a regular falling-off of intensity in such a sequence which
is expected to be nearly the same for different sequences of the same
molecule. Thus the following ratios for the constants C given by
Eq. (18) are obtained when Fermi resonance is taken into account:

C :C 4 +C5 :3C7 :4C9 :5Cl 1 :6C1 3 :7C :8C :9C :10C
1 ' 1 3 15 17 19 21

::C6 :2C8 :3C1 0 :4C12 :5C14 :6C16 :7C18 :8C2 0 :9C2 2,

where the subscript indicates the group to which the constants Ci
belong. Measurements of the total absorption have been made for groups
1,2,3,4,5,6,8,10,12,14.7,8 These results and the above relationship
are used to determine the normalization constant for all 22 groups of
transitions.
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SECTION 3

CALCULATION OF TRANSMISSION TABLES

3.1 INTRODUCTION

In section 2.3 the equations are given for the calculation
of the frequencies and intensities of all the vibration-rotation lines
of carbon dioxide. Thus the transmission at any frequency v can be
calculated from the exact expression

r L N
T(v) = exp - ] w(x) , Si(x)bi(v,x)dx (20)

o i~l

where w(x) is the mass of CO, per unit area per unit distance at the
point x, Si(x) is the intensity of ith line given by Eq. (16), and
bi(v,x) is the line shape factor normalized so that

Io bi(v,x)dv = 1.

The summation in Eq. (20) is over the N lines which contribute to the
absorption at v . However extensive transmission calculations based
on Eq. (20) are beyond the practical limits of even the fastest digital
computers.

In the first place the intensity Si(x) is a function of the
gas temperature along the path and the line shape factor bi(v,x) is
a function of both the temperature and the pressure. For example,
the Lorentz pressure broadened line shape, which has been found to be
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an adequate description of the vibration-rotation lines of many gases
in the pressure range, .01 - 1.0 atmospheres, is given by 2 2

bi(v,x) = b(v. - v,x) = W (21). 'it [(v- vi) 2 + ( 2() (2

where the half-width of the line

S(x) = X (To) I 0 p (22)
0 0 ~T_ P

0

where 0 p 0o, and T are some particular set of values for the half-

width, ptessure, and temperature.

The available experimental evidence indicates that the best
line shape for CO2 is the Benedict modification of the simple Lorentz
line shape. A study of the absorption by an isolated spectral line
showed that the intensity in the wings of the line decreased more
rapidly than predicted by the Lorentz expression. The available data
is described by the following empirical expression proposed by Benedict:

b( v) = ,/ -ý Iv - V d
2 2 C2 i -(v- v.) + c

(23)

A / e- -al v - vi 1. b 1 a2 2 e v iI 1 v -v i_ d
(v-v.) +c•

2 2 A.C.G. Mitchell and M.W. Zemansky, "Resonance Radiation and Excited

Atoms", the McMillan Co., New York (1934).
+ The quantity p in this expression is the effective broadening pressure.

It is different from the total pressure because the C02 molecules
themselves are more effective in broadening than the foreign gas mole-
cules in collisions with CO2 molecules. Thus p = total pressure + 0.3
partial pressure of C02 . The derivation of this relationship is given
by Burch. 8 In the present report, the symbol p and word pressure mean
this effective broadening pressure.
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-l

where a - 0M0675, b = 0.7, d = 2.5 cm . The value of A is chosen to
make the two forms continuous at Iv - v i I- d - 2.5 cm"1.

In order to determine the effect of the Benedict modification
of the Lorentz line shape the transmission calculations were made with
both line shapes. The results given in Appendices C, E, F and G were
calculated with the Benedict modification ,of the Lorentz line shape.
For purposes of comparison the results for the Lorentz line shape at
one temperature and pressure are reproduced in Appendix D. A compari-
son of this table with th- corresponding table in Appendix C indicates
that the Benedict shape gives substantially less absorption in the
window regions for the larger amounts of C02 .

Only homogeneous paths along which the pressure and tempera-
ture are constant are considered in this report. In this case Eq. (20)
reduces to

NT(v) exp -u S b(v v (24)

Si Vi

i=l

where

L

U w(x)dx = wL.
ýo

Even with this simplification, transmission calculations using Eq. (24)
are impractical. Not only does a single evaluation of T(v ) involve
a summation over thousands of spectral lines but in a practical cal-
culation this evaluation has to be made a veiy large number of times.
In order to describe adequately the transmission over a frequency range,
T( v) must be calculated trom Eq. (23) at frequencies which differ
from each other by much less than the half-width C. In the present
study the frequency range of interest is 500 to 10 000 cm" 1 and
CoM(300K) = .06 cm" 1 at p = 1 atmosphere for C02.23 Thus more than
a million evaluations of Eq. (24) would be required for a given
temperature, pressure and amount of gas. In addition a useful calcu-
lation must cover a range of temperatures, pressures, and amounts of
gas which in general amount to several hundred different sets of these
three quantities.

2 3 L. D. Kaplan and D. F. Eggers, J. Chem. Phys. 25, 376 (1956).
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Thus it is necessary to use a model in order to calculate
the transmission. Such a model must be capable of evaluating the
transmission at intervals large compared to the half-width and yet
a.equately describe its frequency dependence. The quasi-random model
has been derived which fulfills this requirement.

Basic to the quasi-random model is t~he separation of the
spectral lines into groups by the division of the spectrum inco finite
frequency intervals and the subs'e±quent calculation of the effect of
the lines within each interval separately. Clearly as this frequency
interval is made smaller, the spectral lines are localized more closely
around their actual positions. The main features of the quasi-random
model are: (1) the use of small intervals to localize the position
of the strong specLral lines; (2) the averaging of results for at
least two different sets of intervals shifted with respect to each
other in order to minimize the effects of lines which occur just
inside or outside of a given interval; (3) the use of transmission
equations which are valid for the actual number of spectral lines
in the in texral rather than the equations which are valid in the limit
of an infinite number of lines; (4) the use of equations for the trans-
mission of a spectral line over a finite interval rather than an
infinite interval as is often used; (5) the absorption by the wings
of spectral lines in adjacent intervals is taken into account; (6) the
simulation of the intensity distribution by grouping the lines in a
given frequency interval into subgroups defined by certain ranges of
intensity. A more detailed descri .ion of the quasi-random model is
given in SSD-TDR-62-127 - Volume II.

3.2 CALCULATION OF NORMALIZATION CONSTANTS

For the problem of normalization (section 2.4), the quantity
to be calculated is the integrated transmission over a large spectral
region corresponding to that covered by the vibrational bands in one
of the groups listed in Table 4. For this purpose it is not necessary
to employ the shifted intervals described in section 3.1 because the
details of the spectral structure are not required. Thus the normal-
ization was actually accomplished using a single set of intervals.
The other features of the quasi-random model listed as 3 through 6
in section 3.1 were used in the normalization calculation.

The normalization calculation proceeded as follows. Measure-
ments of the integrated transmission were availa lg only for transi-
tion groups 1, 2, 3, 4, 5, 6, 8, 10, 12, and 14.",0 For each of these
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groups the frequencies and intensities of the spectral lines of all
of the vibrational bands in the group were calculated. The intensi-
ties were c&lculated for a range of yalu'es of the normalization
constant which was taken to be Cv (300 0 K), the vibrational intensity0,0
of the primary transition. Using the model described in the previous
paragraph the transmission was calculated for a numbeir of sets of
values of pressure and amount of C02 for each assumed value of

vo I(300 K). The integrated transmission was calculated in each
0,0v''

case using Simpson's rule.- The correct value of CV' O (300°K) was
0,0

determined by fitting the calculated results to the measured integrated
transmissions for the corresponding pressures and amounts of gas by
thp method of least squares. This procedure was carried out for each
of the 10 groups for which measurements were available. The resulting

values of CV' it(300°K) were well defined. For the other 12 groups,
0,o

for which measurements were not available, the method described in
section 2.4 was used to obtain the normalization constant. The results
for all 22 3roups are listed in Table 9.

3.3 CALCULATION OF SPECTRAL TRANSMISSION

The final calculations of the spectral transmission of C02
can be divided into two parts. The first part begant with the calcu-
lation of the intensities of all the spectral lines for all of the
isotopes, using the data in Table 9 and Eqs. (18) and (16). As each
line was generated it was retained only if its relative intensity was
greater than 10-8 of the intensity of the strongest line in the transi-
tion group being considered. Thus the calculation of the rotational
lines of a given vibrational band were terminated with that value of
the quantum number j for which the intensity becomes less than 10-8

the intensity of the strongest line. The strongest line in each of
the 22 groups had been previously determined.

When a particular line was retained it was grouped according
to its frequency into the appropriate frequency interval. The width
of these intervals was chosen as 5 cm- 1 for CO2 . With this interval
size and the shifting of the interval described later, the final
transmission was obtained with as fine a structure as the resolving
power of typical infrared instruments. An interval any smaller than
5 cm" 1 would not be of sufficient practical value to justify the
considerable extension of the calculations. As is explained in the
detailed description of the quasi-random model in SSD-TDR-62-127
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TABLE 9

NORMALIZATION (ONSTANTS

Transition Group No. CvI' £(300°K)
0,0

1 6.9 x 10-1

2 2.0 x 10-2

3 5.0 x 10-2
4 6.3 x 10-5
5 6.4 x 10-4

6 9.8
7 7.0 x 10-7

8 2.6 x 1O"

9 7.0 x W-10
10 3.9 x 10-3

11 7.0 x 10-13
12 6.8 x 10-5
13 7.0 x 10-16

14 1.7 x 10-4

15 7.0 x 10-19
16 3.6 x 10-7
17 7.0 x 10-22
18 1.2 x 10-8
19 7.0 x 10-25
20 5.0 x 10-10

21 7.0 x 10-28
22 2.0 x 10-11
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-- Volume I1, the lines within each frequency interval were further
grouped according to their intensities. Each of these successive
groups includes lines with intensities within an order of magnitude
of each other. For the purposes of the quasi-random model each group
is described by two parameters. These are the number of lines in
each group, n, and

o n 1 (25)

Furthermore, it has been found that only the five largest intensity
groups need be retained for a given frequency interval, since any
line with intensity outside this range contributes negligibly to
the absorption. Accordingly, the first part of the transmission
calculaLion generated 5 sets of the parameters f o, and n for 5 cm- 1

intervals from 500 to 10,000 cm-1 .

Concerning the displaced meshes, it has been found that
one such set of intervals shifted by half the interval size5 (2.5 cm" 1 for C02) is sufficient to calculate the average trans-
mission on the basis of the quasi-random model (see SSD-TDR-62-127
-- Volume II). Thus sets oft o and n were generated for 5 cm-1

intervals between 502.5 and 10,002.5 cm" 1 as well as for a mesh
displaced by 2.5 cm"1. This calculation was performed for the
temperatures 3000 K, 250 0 K and 200 0 K, yielding six tables of to and
n (Appendix B).

At a given temperature the pair of tables, shifted and
unshifted, of to and n are sufficient to calculate the complete
infrared transmission for any pressure and amount of CO2 . These
tables contain all of the data required by the quasi-random raodel
and no further recourse to the actual spectral lines is necessary.

The final part of the calculation was the determination
of the spectral transmission by the quasi-random model using these
values of to and n. At the temperatures 3000 K, 250 0 K and 200 0 K
this calculation was carried out for 7 preAsures (1.00, 0.50, 0.20,
0.I0, 0.05, 0.02, 0.01 atmospheres) and for each pressure for 15
different amounLs of CO2 (10000, 5000, 2000, 1000, 500, 200, 100,
50, 20, 10, 5, 2, 1, .5, .2 atm cm). These amounts do not cor-
respond to the number of atm cm at the temperature considered;
but are normalized to standard temperature, 273 0 K. Thus they are
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obtained by multiplying the amount at temperature T by (273/T). When
these normalized units are used, the variation of the transmission with
temperature of a particular sample of gas can be obtained directly
from values listed in the tables for the same value of u at each
temperature. The calculation produced the transmission every 2.5 cm
over the entire frequency range of interes't. T-he complete tables of
these results are given in Appendix C.

Finally the transmissions given in the tables of Appendix C
were integrated over three larger frequency intervals (20, 50 and
100 cm" 1 ) to produce an average transmission which corresponds with
the results of measurements made with instruments having spectral
resolutions of these three amounts. This illustrates how the previous
results can be averaged over any larger spectral interval. These
results are given in Appendix E, F and G.

3.4 USE OF APPENDICES

The seven appendices which follow this section represent the
results of the pLresent calculation.

Appendix A lists the vibrational energy levels in wave
numbers of carbon dioxide for eight isotopic species. The levels of
each isotopic species are labeled by vl, I, v 3 , and v 2 - the latter
quantum number (v2) is indicated implicitly while the former are
presented explicitly. The sets of energy levels (from left to right)
following a particular v1 ,1, v 3 designation correspond to specific

-values of v 2 , viz., v2 - I , I + 2, 1 + 4, ... All levels whose
energies are less than or equal to the (vl,v 2 ,v 3 ;1) levels (12,0,0;0),
(0,24,0;24) and (0,0,6;0) are given. (See section 2.! for a detailed
explanation.) The ordering of the (vl,',v 3 ) entries is based on
letting v, go through its entire range (subject to the above maximum
energy limitations) for each value of I and v 3 . These combinations
of I and v 3 in turn are generated by letting first I and then v 3 run
through their ranges in ascending order. To find, for example, the
(vlv 2 ,v 3 ;A) level corresponding to (1,4,3;2) one begins by locating
the levels of v3 - 3 in the third column. Next the I = 2 group are
Jocated from these v3 entries and then the vl - 1 row or rows are
found. Finally the v 2 - 4 energy level will correspond to the second
energy level from the left (since these levels, as has already been
mentioned, correspond to v 2 - 1 , 1 + 2, A + 4, ... ).

Appendix B contains the coefficients t'o and n, (see Eq. (25)),
for the top five intensity groups as a function of frequency. if
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intensities more than eight orders of magnitude below the strongest
group had been needed to provide five groups, one or more of the five
groups are listed as identically equal to zero. A particular fre-
quency entry which is in the first column corresponds to the center
of an interval extending 2.5 cm" 1 in both directions. The second,
fourth, sixth, eighth, and tenth columns give the parameter t o which
is proportional to the average intensity for the lines in each
intensity decade. The third, fifth, seventh, ninth, and eleventh
columns give n, the number of lines in the intensity cl-ecade. Thur,
subsequent transmission calculations are based upon those frequencies
lying midway between mesh points implied by the coefficient tables,.
Two sets of coefficients are included for each temperature and
correspond to two meshes displaced 2.5 cm" 1 from each other. For
identification purposes the meshes beginning at 505.0 cm- 1 have been
labeled "unshifted" while those starting at 507.5 cm" 1 have been
labeled "shifted". Again, note that the entries correspond to the
frequencies at the center of two mesh points (e.g. the entries at
505.0 were calculated from the spectral lines lying between 502.5 and
507.5 cm" 1 , etc.)

Appendix C lists, as a function of frequency and path
thickness (u in atmosphere centimeters) for three temperatures aL
seven different pressures, the transmission calculated on the basis
of the quasi-random model using the Benedict line shape.

Appendix D is included for comparison purposes. It presents
the transmissions as in Appendix C at 300 0 K and 1 atmosphere pressure
only. The tabulated transmissions were calculated on the basis of the
Lorentz line shape rather than the Benedict modification which is used
exclusively in Appendices C and E.

Appendices E, F and G list the transmissions averaged over
20, 50 and 100 cm" 1 at intervals of W0, 25 and 50 cm- 1 respectively
for all the temperatures and pressures of Appendix C.

In Figs. 3-1 to 3-3 portions of the calculated C02 spectrum
are compared with the experimental results of Burch, Gryvnak and
Williams 8 for nearly equivalent pressures and gas amounts.
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APPENDIX A

THE VIBRATIONAL ENERGY LEVELS FOR THE EIGHT

MAJOR ISOTOPIC SPECIES OF CARBON DIOXIDE
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APPENDIX C

CARBON DIOXIDE TRANSMISSIONS BASED ON

THE BENEDICT LINE SHAPE
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APPENDIX E

CARBON DIOXIDE TRANSMISSIONS AVERAGED
-1 -1

OVER 20 cm WITH ENTRIES EVERY 10 cm
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- APPENDIX F

CARBON DIOXIDE TRANSKISSIONS AVERAGED

OVER 50 cm 1 WITH ENTRIES EVERY 25 cma 1
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APPENDIX G

CARBON DIOXIDE TRANSMISSIONS AVERAGED

OVER 100 cm' WITH ENTRIES EVERY 50 cm"

)-



IS

gI

I

i. . . . . . . . ... .. ....... ....... ý t .;i . 1... . .... . .... . .... . ...--- -- - ---- - ---- - ----- ---- - -----. . . .. .. .. ..

ti. .~ l . .1 . ~ ~ .!I .Il .I' .•: .II =I ll II •

tow,, -- --

* -: ----- --

., .... ..... ..... ... .... . . . . . . . . . . . . . . . . . . . .

. .. . .. . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .

I~i

... .... i!i!, I, ,! .. .. i!II!t i! 1!

.. .. . . . . . . . . . ... . . . .--: - -- -- - - - - -. .

..... . .. .... . ..... ... 3 ::I, , ¶ j ! I R
-i-! -E i ..ilf I .5 £N tt! i g-f. I.. £ £....... I-If.! -!ii it !Em flits, jusf il I

-- --3 - -- - - - - ----3 -- ----- -----. -- 3 - -- - ----- -- 3 .. 2 ..... .. . .. . .;. . . . . .. .

.. ..... ... .... ... .. .I i-.. . .... .. .. . ...-I % .. . ... ... ... ...... . ........ ..... .. . . . . . .. : . . . . . . .n t ! ! 1

--- --.--- - : - - - - .... ...... ----- ----- ---- ... ..... ..... ..... ..... .

IM 3, ! .i . 1.N 4 444

tt,,, -M t, .Wig! 9I, !g--- l-5- Igml gF:i I.-- if il j4 i

i iilii iiiiIiiii iiii-!i . iiili -i-i- -, -i* * z q11i9 59 19 --- p ijý.i4z .- - .tl. i. - -. !!! 1191up
Elf.. iNý11 I .j. ... 1.. ! 1 £U 111.M M ý j . z?2 j£, Mj, 21M! M4.. 2.4 ..i. .. .

.. ..... ... --- ---- - - - - - - - -

ilI!:sitl 41 2 u ~~ m xpi 4 2:254 - il 114, !!jI wit' ii12 31333plallqm Ipm ipm l 41
I. 13 , ". , ... 5 .2 :41: -p; . !P. - . j22f I.-s M , I ... ..... ... ...... ...... ..

Z.i .wi ,ws ,4 44 - - -ý2 222a' 2 1---g zl 555 255 22225 11,1 t3ill 31it i 1 q 1513
I 151153 959 115131 ~ !! 1M112 222 1- !-W -. ! '-. .Z2' M.22 .. ! 3...3.3M

44"M. 4ýIM lki 1 wpm -I ým !!! iijgj! lm-w)jp



I-I

I

mn11igg!;. I

-A

8'

4I~ Ngig um-1! iEil m

0..... ..... ..... .... ....... . . ..... . .... .. .. .. .. .. .. .. .. .. .. .. .

4

-~i . . Il!:Zt . z:.li .. 4 !.l.t .... . . .. -t. -z. !!!oz . . .zg. ~ .. ::!L f tf .. !I!! != t= il !~

ltiflti 44444 4:444 444444 ii ti! !ii~i 4 4iiil 444!i iiiu; itni hiti 44- i= i• !ii•~i ~ ~ !! ii !!!iii!!iltt'=

z31 -i6 g!. iti Z'z z i --

a ~ ~ ~ ~ ~ ~~~~~~~- - ---u -----. 55.443~4448: 54ititfu ti~ i

SH!.. W!gf I II!- : I~i l !ttI J!im -tm E! gi! g! II ....l ia :*:* = :• , • : - -• -- . . ll '

i~ iI i tit ii ii iii i i... .. .. " ..... ... .. .... .... .... .. ...
-:: -- - ---- ----- --- 1 , - I I I

. . .

..... ..... ..... .. .

13I

iq "Hi fill .. ...... -,.:

k..• ..• t Ii il i . nIi .=' . := i-1 .i! i ~ l n.. .~i .,I Il .t• . .~i .li i!!

------------------- ---

............... ...................E.
I 1111T iM49 !l Hl -.ifW tltit ! ii' i i 51 1 Eiji !Iiii 666i6 gig .... 6 61 66 .

.. ........... .... ..... -- ..... v .... ..- ..- .. .. 4;--- - :--
....t . .ti i ...i4 iiii iiitt iii 66..1 nn%-i .li 6i ... 66 16616 iliii 66166 ........................

* 412: 111.4.... .. ..

.. . .... .1 . .... ..... ..... 44... ' . ... .....4 ....4 ..... .64 61 :~ 6 ~ .. -... 1 11

gf1il tEiji 1q:44: 554111 im; mq 66 mu 46 Jim 4 44444 46.44 gin ii 44 g- mn Im V- f .44 4 mus ss1is isll 411 :fil !443,

..-- -- -....--- -- -- -- -- -- -- -- - --------- -------- ----- ----- --- ---- ----- ----- -------- - .... ....4

J. I. .1 11 Im !Vgg i!!J ggg! Jim Eggl q ! lm! gtig t-g!!!!gm!anhmu mig ml

.i..! ....... .. .. ..... .. . . ..... .... 1

.,in n-, 41n.444nt 11.4 - ...i qqq gq qi qq!4 45 . . 44. 54g1
...34.. .. .4 - - - - -- .. ------ ------- 45444444454

pq 5115! fill,,!! 55115 St41g 44144 14444 Jim4 65534 44644s 44414 m44 14441z 44 I .44- 11114 V 4364 gul4a44 4 l431' i541 4 545 1s5 443I118pI,41

-; - Aýii---I jj ~.



e3

2

IIIig
'I

w. 5.43 .4.4 44444 H'S !!! nm !m m.3-~ 1~ 11

--- -- -- .3.1 ..... ..3.33 --11 J..33. .3.3. --- 1-.1 - . .-

- 44444 .4gg oil. -

4 -444 A44 !4444 4443 4 A .313 --g A iIA- m

£ 444 41441v I.33 I4T I4 I33

13

III:: ~ .*3 t.~ ..... ..... .......

M 11.11'31 3I41..11.. .3.3.3 34j All .3 1I33.1.3343

"""1.... 1 1.3. 3 1- .33. 1

a4- .. 4 4 4. ..

~~~~........ .,jz...... ..... . . . . . . .... 13111 --- 1--.. 1----113----

44444- 44444Mi 4 f4a44l 44444l344 44444444 44 34444411 41 11111 14444144444 T44q 44qq4 44444R 44444q 444434444444
.113 mm -i Ili !I!.2 .g 334 4 3.I5..i... 4433. .4... ...4. 444324 .... 1 ' .-- - ii . -1 1 11.1.I. . .1 1. 443444434.44444 4 444.4

!it: lilt 4$, 1111, 1111 1.1 4413 q4:14 4:

Hil Hllfilf il fll!11H lul4 1.1il 1111 g311 I -Ai jgg! f 1.3 f.1 1 A fl. .3411 l~n g- 1
4 4  

!1! f l E4444 44!414

0i 42444 944415M1 154415 M45455154 il.z~g-11w glf-l .4 iif il -q -qs qI ~J 14
l'3H f 1E44324444444444444441444011 5- 44. 44444 .... A 1..11 1 4144ii--ig 1444 44444 4435 m441 44444 54444 44444444lj444 443 444 4

---- ----------------------------------------------- ----- ----- -----
.... 1 111.3 .1.1. 1.3...3 1111.. 11111 11 1.1 . .31 1 .3.3.3.3.1 ... 1.3.31 1.3.3.3.. . 3..1 1 ..1.3.3 1 .3..1.3.

MilI

M t• ii ffl, (44,14 1iiii W;ill Oil!i Ms"i niqii ils-.z !vjs -i5:-i i -i:i i-q ii lf il IPM ppl i 44

.I .I .: . l l : ' " I I - . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .i

!14 1ill !ti ttil. -4444 iiti !Mtl fMii 41Mii t ti . 4- (ll i m!• i i 44q4p ! '

t ~ ~ ~ ~ .. ....! .~l ..~i ..... ..... .it ilii iii !-" .4i i... .
. ...... .. .. .... ..... . ... ........ ........... . . ....... ....

vv 41 I lj. I II I " I I mi. p pm mi Imp H"I U", 599" ...... lk!!I !1! "41 1 JP I"M MM MAI Hil 44

!!'1 IE' Ill!:! III M11 I. 'kill IM M.-- I1• KI1 gqIzU jl!ýj ppI - I IfM

IIIII •-- ....... ... .. ... II•J: ...... .. M. 7117 IZ, i71 ....... ... &ll I1 li ll..... ..... . .. .. ...

"".. ".." .. .. .. ... .j., 4z. " ' :. . .. J. ... .. ..... -! ! ....i ..... ..... i ! ! ! ! i t t
Ii~i!t~i!!• Iii ! -i ii! 1... ... ... ..... ...... ... Ii: ...... .....

w I! ~l It ~t il !! il! f~il! AMful M11?! W}i f!! ifiH.fif HI P MH!! Hi l if Iti HtHill HIMi 11111 I!t Ilin tint! 11119

| !!!]!! I!!!!! !!I!!! !i!!!! !! #!! !! !!!!•! !!!!!I !!!!!! !i!!!! !!!!!! !G-5!! !!I!l



IA

-- - - - - - - - - -

-- - - - - - - - - - - - - - - -I7:

MD~~~... ... ... 4. 4 - 44

-D -- - - - -

.... . .: f... . . . . . .

- -- - - -

-- -. -~ -s; i -ii is -- -. i . I

4-- ---£

gi l, * et . --
... .. -; -.1 -- q - n !V g v,-! ! - q .0 j . .ý .i - . .n.- . .. i .....I ..

a. .... . ... . ... .. . . . -- -- -. ... . .. .. ... . . . .. .. . . ."Il *'-'- E.. -. :- fi i---4- .g gg
4. . . ..1 .- . 1 . . . n I l i . ..- -- ------. ..... ... ............. ...' -- -- --------

-~ ~ ~ ~ ~ ~~~3 *f,.. k;; j .t .... Zif 5 
5  

* ..1h5g1g:4 55 511Il!531 54
*iy -gi isi-I!i t- g-5 . f 5

- ~ : ~ IlL.. .LJ CjC SI3Vt !E! i nV14111 x: t~
.. . ... . . .- - - - - .. . . . . - - - - - - -- - - - - - - - -

-~i ....i ....
ZZ ;55 zill 1M ,11 11,1 *,S i5 4 '.' 54 1 !U'* Vt95 ,53 151 xIf~ U i x. . .5III-S. xil .1ff 5513 -;,;"xx

zzz- .........-'4- 5 . 1 .... .... 4 .... ..... ..... ..... ..... 4.
A-4C 4

5
4

* J44444 44444444' 44 4

-- -- --$ --5 ---- -- - ---- --- -x : ---- ----- ... I .... M I , , j . . j . . .: - - - -. ..... ..qs a s

' --- --i - - - -- - .. .. g qqg 4!,!! !51 u so g, 9" 1 ..g11

;1xM4 cx: :::4V : ~ . 144W f....xI .j- iljli M.i ... 4.... ..5 ..... l .. ....

i1* .~ M ." ... ..! * ... .... fll 1 1 * 1 .11 ..... .I ... .... .31 ... r n
I -- Z .. . -- - - - -; -- "

1 i -. Mn!M HMGe6,t "



.. ... .. . . .. -- --
!HUH ..

IE. .. i t i

......... .... . ..
.....3nInn ~ n ni

.. i-- ---- -- - ---- ... .....~p ..c333 - 4;

-- -- - -- - ---- -- -- --

z- i(. i. Lr .... List,, Li-

.. .. . ..pt ----- i--- -----

-... .. .. ... .. ....
--- .- - - - - - - - - --

Uii fil -'-' 'fl -i` - z z -

: if!'- -. fi- i .!: .1 z:-xp, pt
----- ---- ! -- ' -- - -- - ----- -- :-- -t 5 i- -: -- 5--

..4 ... f; "i; sl " zi5

. .. . .... -...

, j ----IL i ~ Ls is - -- -- - -- ---- - -- ---- ---- - -- ----- -- L .. ..... .. . ..... ..... ....

5 -J5 .5.. .... ..... ~ 5

... ..... ..... --- p ----- -- - ; - ~ -- ~ ... .... ... .... f .I! j4 ..24 ....3 . .A. . .

M9 5 p j s -- ;; : ; sr i I; ..... ..... ......

-- ----- -

1191 11~ 911 11:19111 13 119 119 11199999 191 919 199 99911991 99 919 999 91991999 991 111 9i9

if qu --- 7



3O

3

I,

I,

frl fis1 1q !q !!J!4 I!44!! !!!!1, l!ll i1111 I!!!p !!tll m 't111!11ill
..... .. .i U ll lU U !!!- ----- i!111 ---- ----- ----- ----- ----- -- -- --

pil ppI! pim lln pill p!! ill pp !pp!!I !! p Up l ! !!!! p~lill! ill

1111 1 1111 1 1111 11 111 1211 1:[.11 111 11 I f rl 11111 lil In

ilp il ! 4411 tl! pIt ilil ppltl -! !!! !t ! it i p! i p !!!! ltJ l p t!i ill

4illl HM il 1 111 fril 44!! ! i M !! M44 44i44M All

fr li*!4lll 1444!.t. l tfi !!!frill s !I!!!i t!!4!1 l llll !!11144 i!4 lit 44.

- pll 11 !!!t 5 l t ! ! il I! •11 !!!! !!•i !!!! M !!

I 8£ 55l!t 512581 tiiii iiit iUiill IIi~i lilil tiil~ liii! 8.1u1i 123!!! liil! 141,

Mi r-s k1,1 153 I' ~if i .I - 1 88.1 - 1 -1 -1-1 -1-1 -1 -- 11111 ii-f11 35(3 S' -1frll--

todll frilll [illl fulll Id fu ll !p•I, d • . ... .

fI f i l14444 - " ": -:*: . -: ----- 1.1 ----- 1.1 ----- ----- ~ 1 ----- 11 --- - 2-- - 1-

!ili3: '1'"11 31881 H 4k!1! qj ! !!!! ! !!li!! !!!! a!!!H Mii! Ill
a.-.. 4 44 ..4444 I ... ..... 4 .. -- - - .... . . .. ...

f11l !i11 !!!i £8111 H 1 11111 i i 1! ! ! !!!!!! !!!!! ! m 4!

- ! :.4 .44, !! i!!! l ll I 111 1 !!!!!!it ll 111 i 122t i!! 1111 ! 1 -- - - -l - -- - - - -

1t! 11811 1ti11 i1i W11118 £i!!i 11111 i 1 i 1211!i
-T1! Ulll 1Ul ! !!ki ill M•lt! !t MO 11tl !!!t!!! uttltl M14 ii ~l !!!!!!ii! il !t !!1!11nl l

, till iii j i ll fý!ff ! llt fll iilii JI i tli!l !I'llq M41q !ll!!It 4444 ......... Wll il
... ...... ... ... mul 111t 1111I frill i!!! frill 1tl! frill !pw ilmq. a -444i 4.4 . 4... . . . . . ..44 4.... . ._.. . . :... . . . .....

. . .. . . 4 4 ....4..- ...... 44444 44444 ..... 44444 44444 44444 44444 ...... .. ..... 44 444. .

fit 11888 .l 1i 1 frill 4M!2 ! "'" q m1 ( 11.18 11 11111 81i+ fll 8 3f8 111 11fill11! +d!44 !! t 1 1 8tit !1m111 ! 8.1.1 4!4k4tn1.12illi ! ! 11211 !
k4M11- - ... ..... . .... 444 ..... 44444 4..4--a- 4 444 . .... . .... .... . .:- f frill 1111 0. till) 1111 i 11181 l I ffi '818 1181 1111 88 8111 1118 38!111 11111 frill Hilfil 11181 £1818 frill131 11111 [fll3111 11111 fi l ! 4 11111

4a~a 4444 4a44 . 4. 44

.1 --- ----- --- lll ld ll l...... ..... il~ ii l .... ..... .. -.:,a.ii~ ..JZ..... ..... .-l..

ilia* ii 118 --- 1 4-- - -4iII .. R 44441 m il
Arm 11111 fril i l ! ! m !p 11 fri33 l1l11 i 11 !!!I il U i lil f!ll ! 1 11 llill tflU !4!!l I !!i 4!p l i-ili ll il . i . . .• i il . f .. . lli l l . .... . . .. .i . . ..! l l.t!l ..! ...... . ... ..... ..... .... I!! ..... ..... ..... !I 1 ! ! U ii1 11 11! !!!,lti ltil,, ,.!!i!Ul !!! lltli ,if l ili!! !!...... It! I!I lln47-- a l. a. !! - -
1P1 M I 44 '14 1444M: it'j12 p121ll.211 2 ! 1 11it frill frill 4441; 4. . . .!"It 4.!!1 4 1444 4.44 t44
533331 Bill ! 4151 81111 1188 8111 a..- 3 -~ ---- 444 - .32111112.2222118118111111 .... 2112.11 ... 811 211

. .. ... . M. , 111.. 4 a4.4. -... . 4441....21 ..... 21 2121212 12......2 ... 1. 5.... , 4 5 555534484 44444 .44.1 44441 frl frl 1181 1n8 fi1t

Il iia 43iii 3.11! kil 111 411 41 ---., u l 111 ,1 fill, lil!
.. ... .......... a -.. ..... .. a. : : . : jai. .-I5 ----- 15 -4 3 a 44

444 . .l. 11111 111 414! ! ti 1 fi 41,!!! 444l pill [ill 81888 I£82 !!!1 k1211218dill! p qp 131112 1121112 12141 1 spit 18.88 il l
a33 3 5ll ... 1112 12a11 a28 a j a ... 335 a I a - ---- 4- -a 4 4444. ... ..l...44 .44 44411 ils til 411 ip41 111 111 134 ril. 14 4114 531121 uJ 1212.. 112121 -la1123jjý 1133!~!1118 fil5s15 53J53533 . .. 4,a 44 4 44444 4444 -.. . .44 44 444 444 a. 4 .i 44 4a44.5333333

11,41 t ills fill s HI PH IP t 15 1H tiillt ; 11115 itttt Mti ik iii iiii fill! lii pill it'll 15ii full iiii illi pili i ,11 iiiiiiiiii11111 1138 fi 1 3 1235 !411! 551111312211. fill!18112 tal lp pl llJl!flsll 1.5111 !11 81.1,1111111pl il it 11813 88818llt

a 82- 44 .. 44 .. .1 . ..,- , . 4 jai 4 4 44 4444 5553. 3 3 a1 4 4 i 4 4 11 11 il 1 11 l~ll 111111 fr11111 lu 4Hll Jinmu Tills fill 11u4 1u12............1914¶4" 14 Il li
ow iia Ro iin M dii Or iiii MiHfl ifi Wi ii iiiiiiii tfrl flit 1"R t iViti tini nIHi iffl ifiili i



t17

03
2

I

!I

II

llI I!!! .4.m ! p il !ii lU w i I i!2 iilt i!! 1211 ill

i 55511 55 511 Ii 5i ln 5! I12512 l~ll !12111! I11~1 !!!!t Ulll.' !n 1111 In 1

----! ----- ----- ----- ----- ----! ! Ui ----- - li I i 1 -- 11 -- -il-- - -- l-

p 5 I5 !!!!!55 !!!!! I 'll5 !5511 .!1! 12!11 p. q! Ill!12 !!! !!!!! Ill !! I ll
Wit !!!!! ill 2" Pilli q ! 1!il Wita1lili1i 11M 1UU iOWl i i M4! W it

lo lifi!l lilt! !!!!t !"11 !!!!! M44! W it1 W!!iltl !!!!1 !!!It !M4! !

-4 .. .. ... ..... ... ... . -2...... .2... .....

I!!!!q ItU l 1,14i iii i l pm!! ! !! Im !!! iiii i!1 !!!! !il i!t

I ll i ni l- - l i l i1 ! 11 - ln i ---- i fli n li . .i *i -U--- -1--- 11---
!i p lU lpll '1 ", 4 .2 i 4 ill I PP!44 ! 2222 M ! M22 ! 4244. I!2 ! !M42 .

4 42 . . ... .. . .. ......-- .... . ..... ...

!i111 4!|111k 'iltll ii!1 4 4 4! IUi llln m111 m mi 4!4;! l !I
A iij s Ill I l ....

!flt11111 • 5n| Zfuli ii I1ii1 1ii it "m 11111 1i111 iil Ill
-jz 4. ....2 .....4 ..4.4 . 222 2222 . 2 222.

Ititi !! ll nl tfilif !fijt lll111 11! !!!!! !!! !!!!i ull fll III

11 . .22..2 ii ,j -. .24 j2.42 4.4 ,24 _ 4---...........;--2 224 . 44 . 2 - - 244 42 -- ...

ifll l i !!!' 11111i12f1am 1q 1 144!4! 1 2 iiti1 11111 fll5!ii! !!

'.'A5' lift[ Ifl o 11 4 224;1 512121 2 1 21121212sil1212112121212121 1 1 i 2211111 222221222~1111122211112222112221 5 5 5 5 5
. 22211 1211221 12122121 12222".. . . .2 22444 42444 222 - - - -.44 I4. .. 22 . . .I - jJ ..- . - . .

111i 011 l mit offif £11113955!m l! tq~ 4!1 !

< iliiiili iiiii HI liili ii iiii!iiiii "ifi! iiiii !ii"ii Hili i fifiiiii i

!fm4I411 !! 4! ! nl !!fq ! 44! pin 'IIIi t!111 llpm itt ili i !1111 !!! 111122! 2 still !!!!11111 [flit

-- -- .2- ----- -- 442------. . --. . 2. 4 .... 4 ....24 .. .

lit I! , 11 full 2! !II 4i 1 1 1 51 Ii fg!!!!! !! n ti ! 1!!! 11 1i1i1 11111 i l ill! full !1 1 111 sll2 !i 111 2 111 1212 1 Ill" "I"
4...... .... . . ... ..................... 4- - - -. 44 4444 4

Hiill IIi i !! 2 iil !!!115 lll !iil Itiii I II 1 pp! i 1i 4 5!5555555. "1 1
II11,,,,lll I!I!. !!!.. . !..!!t--+I~ .ll' .... li •lp ... •i ! , !p•< <=ll! p'•Ilt +•l;• I!•!! ..... ..... ..... .....~ l .. .. li!I!I .. .... .....!I!II

55555 55555 . . ... ......24 5 . .. ..... ..... 555 ...... 22 ..... .. .....................

',122 i'l511 1444!1 121221 1212412 l m ~ !!!Ii Ina2 12122f-1 12mil2 *.444 444. 4. . . . 531111fl1f l 1 !!!21 5121

-, - .... !!!!! ....... "M2 !4 ... .....
HI! 11H !Ill !!I ,m ,!!! Iml 11ii; Ig-!!1i O!!11 1!!,m m +l l i 1Iis !!! 1 Il !!! p !ip m li fl fl ti!I wi qlp! "M!! "MH •t I N•

!i. ~ ~ ~ ~ C M.l:.ll a.-!ift j!! ...i !!! =•ilt+li i t=!+i !!........ .111.= i!... ti+ • +ili I !!!! !!,,,11iiii f+,l .. I ....... ..I! I
futli l t 1111 ! 41 !! 41 1 1f!ili( "mi Itf! U!!44 !u!! !lil! itl a t11 ( tl !!! I! ii !I !Il!I t! m l

£1111~~~ still 11444! 4.2 124!11222111222!5
HIMI 11,1121 2 1214M211 M 14 51 .111122222111 211i21..2.2 1A.ii 11441 1121 1219 4444ms I-t m 4m m q il 2!il 1212Ip 121 125 11 1 M1 I""5 5555353

I 4 ...44 4..4.. 2.. . .4.. 4....4 . .•i4. . . . J . . . .. ......... . ... 44 ...... . . .. l lfill 55 512121414111212 121212545555555fit! 1212121212121221111111 m ti "M IlW tM l 4444 ~5 221111111111112121 full5#till55 11 4441245 555 511" 5515" ~In I

I! 111 M ai ...... "Jai .. ...2 H4T2 444 . 121212121212-1 2 1 21271212 ----- M 1*1 -11. J4 a _. ..
1 .1t Iiii ! 5 115 11 111!4 1 I pill ilt' I111! Inl !! " " FA

I l! 11ft IM! !!443 p ll t11I f mI -• t -- -
Jail jjja __:JJ Jai.J. ...... •lll illll :I .... ..... .1 a!ul 55555 5555 55555 pp!221 55555 fif355 11H jqj 551211M1 M445 lifts fl553 I'M5 411114 4545 !! 1151i H~i f 11211154ll5* 34

ilfIil1114111 1 )115fo t if lstil l I' oi t'lI 1l fl I! 44 44!1 11Iu if 44444. . 1444.4 4411 fuliopi

22222 44 ija i. . 444. 4 444. J44 a 2. ----- ._ Ma2 44Ii 1 -1 1,

1121! 111,1 ISM! SIM! 11!!! H!i I ! 111"i H IM !! !!! IMP ill ,I gil 15 11 Hi l ! 4441 !!!! 1i ~! I II II!Ilt ItllM
11111 z 4 t I 1111121112211 11111 lInomR l55t555 i 55 ii3 55555 ! ! 3 iililiilii 55i5 i 35555 ...... WII 51 321131 ]ii!tI!! 51 I 55!I 35555 ++. ~ , 55 5555 I!! !!t 55544 ,.

I ,i•1 Hill !ill 11iit itl ti t HI ii tttii tii t1j 1tl i tttt utllp 11111 t1t1 WIlp 1 t 11111 ttll 111 Hllliti

24W G-9



!! 11 " mI3. i fl ! i fl 11 f

34i iulm m ff l ulfl II ff I

Msjff h i H'.H fiffý~ iklil t~ iifi i11 t31 !i* fi Wl -kx1 il
-~~ -* f ----- ----- ---- --

~~~~,~. . ... ..;1 .~ f 44 j

-- ----- - - - - - - - -

... ..... .f3 .... ..... ....

-j i'!If l f iti 1 yth -,, 11f fluif 1Hi3 ifl ff 11 1f h f1 II f1 f1 ff 11 1f 1f 11 1f 1f 11

1~2 441:4 4Z4l;

- iU.l P1111 11Ifl1111 RAM AM 11111 HMi M3IR 1111 11111 11tH11UAI 11fi 3131 11111 11111 111ff 11111 f113f111 ff13Hil3 i 11111 ff 116f 1 11111

1 ffHill 11111 1111* fll MAfffI~ HUI Mil~ MIA f MAR .I fi f
4 

111 MIR~ Hill 11 Efim IIUI Ilmi Ilf,,; "'A! !if! l!!!! ! WA!i till!
4 ..: .. . . . . . . ,- 224 2 2 . 4 . . . . . . . . . . . . . . . .

1 11i f fi fillk j!1Ki Hill3 Hill ,IF: i.131 Hillf J!115 ff315 lifk. jk fill! j~if 3111 111 1 k Mf i l Hll 3 14!! jif ! iW14 1 44 1 j j Illf! li!11
.. . .. . ... 1 4 4 .4 4 .... .... 4 4 .... ..... ..

j* H AMR Di ll lxI1U ,i ikfW , -l Mil. HIMI I'I [I M if: I fl IMIh Fil II H114!1 Hill Il1 ljil if Hill ff! HIill IIIf!
I . . .. . .... .. ... .. .. .j ... . ....

£ I h Il y I MM 1 lifts i - " Iffij4 IIIAI IM- IMI Hl Hi ll 13'.! 11 Ilij !!331 31Wl Hill jilff Hilil ff13! 11!ff !11u1

"luIIi311 111~: f~l I~ 11*.9f~ f' Mil~ ii"A Ihl.! Hill H53!3~! ~i~llsW '! Hill kil!!Ai$If 11111
-.. .44.I-- - -- -4- -

!4Z- Ifi** 4Im 4441 :fqgu ll ;Ili! kio.. ful 3 Iffl fill Ili i if ful IIII 31331 i1133 mifff l ful "! m If !!! !!!!k It!!! !1!4!~

22422 4.2.2.42 44,44 4 4.42 ..... . ...44 ..... .....
11 Ml 12AM ,-.-.; Ij* 413.1! :2Ml f4M* MIA Hoff Mir M1413 ii *li 111 1aNH l illlt 1! 11 il l!

4.'- 4.! 1 ... ......... ..I.......... . ... ...



@I

I

8'

Wil HM M1 IA I"4'2

S IIII o f.-• Ii ." f '!! H4! w III1 F'!!! I111 I II111

-( ---

tt! i tf t fliti i Mt1 i ii• !i! . l! . it i.t. 1., :.ýý il tii I ttIII ti

huh M3I £1Iii 11111 If ii..H 1111' hi-11 1,1--t iiiii M

l MH !.. : , , ! 1h1..1! lt .!! Wit0 .!!f M•lll!.ofi ll M 11 1 1I
. , .... ... .. .. ... .. . . .. . . .. ....

!,, i ia ti i i inn I IJ di i ll if i i 11111 imi i If iii full 1im I£
taI "44. .. ;444 ; . -•12 -- -- j . j'7 ;_ ll_ j.- -- -- - I ---. -1

Iflh M'H1 . .. .I f!l I I111 1i 1 M i I!fl M!t ... ttt --it J. -i If -- ti -! ! '.. t ! -- ol t-- -- ...' . -' .--- - ' .

2 2i W IM z T . I W i t ! ! M V M f il l ! Il l
i li!1"i f- 111 ., i .1 i Ii tii um lif t!il , wf , it! Itl! 1t2I' 911i .ii i• iii;; i -"ifl ii MiN~ Hill~ f9i i4;U4 i~iii Uiii ;i

i t !. ... .. .. . . .t 1- .... . ..i ..... ..... ...t.. .. t . ... ...

3i1 UW ";1- f: IVI 4 H IK. l' I' H! 51 M 1 1119 M

iqllIl l t i:.1 am4 4!!It 121 2!!tf 11f! umlh ii!II!t il. if Ill 4 l!!! hu ! !tilt 1 !i li1 il 3 !!!! iliii I 1!!!! i!!!! !iiil l1iii

0 i illl M I! 1119 It 15! 1s4 iii l l ii l ilt t13nillq il t Hill! fi l! !!!Ii 1111i j!! !!! u!! | s!1!4 !1! !!!S.... ...... ..... ... ..... . .... ..... ...... .... ............ ..... ! ! ! I .... . .... ...... .j .. . . . . . . . . .. . . . . . .

II ~ ~ ~ ~ ~ -- ---- ----- -.. ... .. .....7 ... ..... ... .. .... i... ... .. . ... ..... ... ..

35 UM3 31.3i !!1.! !!!I ! 3ltll nil 1 5333t 11133!3!I3 !!5!! t533 Ml! i3i! M II!! !!! 5W1! 5t!3! Mi.! 11!1! III 3531 !! !!5 !!!!! 35553 p!i !
. I .. . I JI : _ I.. .. I ,4 4 . : 1_ . ...... , . l * .....1 .......... .... 1 .................... ... .....

W O 1Wii fif it[tf lit !!!!I! !!! i n! ttI lifif 1!i1! !!1!1 11111 f•iff ..... 'i!!l[ !!!! I !! I!!i k!i~llt!! 1jil!!111 !Il !! 14MIIII !lift
I , i~ • i• i i: ...... . .: - , , l . = il * i ... -..*..!t .. . . . . . . ... .. .. .. . ...... .. . . . . . . . .

S I P M•! .. .. ..iq!I! !! !I .' 'iI. •.. !•.. !!!!! M!!J !M!.,: M"... 11". !...... .mil! ati! !!,ill mv! un lia1111! 1111i im il f11111pil1il ,"mp pp !mic
11111 ~ ~ ~ ~ ~ ... ....l .-!! -11 !!-!.I !It --.! I--t --11 !!- J!! ! .... -- -.I! .I --... . -- .. ... ,, . .,...... ....... ..... ... .. J.... . .... .... ..• .. ......m 11!•m ,m,,, III

I~ ~ ~ ~ ~ ~ ~~~~~- ----- ----- ----- ----- 1li 1•!il iil "il!! ilnl !! !!!I!! i ,l !!!ii !.. !!!I!!!]•i! ti !! !!!!t!i1!•! I
fi l 11,111, " H MH HM . .i .i .l fill .... 11 p ' 111 l.- .1 i .. 4 IM ! !!!!. P ill i 4 i41 i fill! 4111 144...! ..... ..I! ....! ...! ....l ..... ..... .....!I ! ! t !I i i i ! l I I •l ! t .... -- ----t--- -"01! MV,, M il.! f~l, 1111.i ! 411 , Jil q;;ill( !!I ll l 114 !; l! ! il !I 1 1 3 11 11 lM M1 111ilui ~~~!h if,!~l jj j~ !! si i 11 41i44111,..m[p l mp• p111 q!•! Jim. pill t I1! .t!1414,i II!41 41!tl

-- -M . . . . . .. .I . . . 2 . . .I. .. . . . . -- - - - - - -a- - ----- J .J

5ii! (Im! ;f111 1 j~ i f i- f 1 ..... .... IIi !! I J,,.,4! Mi.i :j1]1.. ! 5i! I!I f,. if III111 41111 l im I !i

Mi 114 111 PilM
.. . ... .. . . ..



SI

I

0

- : !j~! ~ ' lA.I Iq! !A!!! 11311 !I!I! !!!i I ll I !! 33333 !m; 333 i

-~ s H1 i 1"' Hi ll Hi 11 1 Hill3 M333 Hill3 33331 . Hill all3

111 flal 111 111 I!111 Ili3tl l 11111 M!11 1l1n Ilil 1iM ilf Il

- !!!! !!!l !!!!! !1111i l flai l 3313i lall 1!111 llilt !!111! :-u ti!1 ill

Alt!! i 3ii iiiit i 3ili mil i l al iiii i ilU l ti iii i i Ilii

pllii lil li nt [f i link I v !!!! ti lt , ! imi ill
iiffif 11111 iifl ifill fai iittil w! m lp'iti "Ii mait yn i tf i mii tl

9:11 !MI5 fal)5 JIM (M.~ ~H !Mý a9M 13113 7!ýi! PH M "

* . . ..... .... . . .

!iss !t!!tll li llEI !N!t o .....ii IM.ot, UM, t!.I Vill. ktiM OMt M

f li! !!nl Oill tiit t t! MH 1 11ý P i O l IMP lt3 !!P4 iii fll 13

E~. . .. .. j. .2 : 2 . -2 4 ----- 2---- ---- 2 - 2- - - - - - --- 2 2 2

Ji ii i 222.2 2 22 2 2 1j i ;k311 IA'. ! I SI 5i51

.i l .. l tl l i l !...... ... .. .... .. . .... .... . .... ... ! ..... i. .. ... .. ! -

d !.I 222l; p illw s Iy il m 3il 11-14 R 11im 4m 11 um{ hi FN-. t 1 lf

! 1:i fIai l fi t; l ilts l 11 11111 tom pi Hi ll 11111 1111 11111 111 11 ll l

ii i Half 11111 41U11 11lM2 Ma 2!i !Ma !t )fal 1 ill'2 i Hill 41111 1 H il 11111 H ill [f til i 111 il ill H!ill

"11ti !111 I!111 !!!!! l iii ll !W !!! l i i4 iil 14 5!• 5 1 ilW 11 11Hit 11111 M113W tii lli .1H5 ! Ha lr t 1 t1 111 Half 11 i l nl l tlAM"M AMA !4kil il1i 1MU1 f!i l JSt2 i 52i2 i 24442 l4l2 2 iiii 222.2 24224 ttll2 222i. 2222 i 22224 2 !!t2 244!! !"u2l 22li -. imt iitll AM2A2 Miiit

--- - ----- r---

iillt lnll t [iltÁ 11!!! t!! H!l Il il lll Iitti flaili 11W.- li;!t ltMt li At l * W-1 •tlIti f la lall" !!tt tl11 till flitl itlli iiili
lllll ~ ~ A !!! tll!!li lU ifttl ~ l t !!!f 1 - I-- I--:- -.- i ...i .ili. ...t .ll Ii ....l ... Iil ll Inl .....lli!!!

' I it !! !! A. ii ti ll fi 111i iii i1!if !f!! ilf it! 1iiii !!itit 1, ti 1 i~ i iii iii H il Hill i ln f la ifla i tla il it F la fi f11 fill Hill4

;i; 'titllll Amil !im i mIn fi1tll; ";, til .. 1 ...... im !q A li llt i!ii it.tt!i tfu tl tli t iii li im;-.m fll mil••!t ll'mt i !! Ai m 1111 Alm !1

i fz fu! !!l 1i!!! !!ll H!ill !ilif t1il tild i l t H11 ill Hill tffi? mul~ 1§ llt 11 tite la l i H il i fu l l t 11tl lt Sm l l H ll Hiltli 11111 Hlll

jz- . -~ *.-. .......:.: --- " 1. . _. ...... ... ... i~l--l

MU I f1 i' t Hal f i ! fii fii Hill H11 111! i lilii Hill 11alf 11111 11111 iiMt flail Half• 11111 19M1411 i Half H~i ll Hillt flail !!iltl t 1111 !ill
4.j . 4 4 4.11; ..... . .. o . l . Á I 4 j 44 . .14 .-- z - II - . D -' ý-I -- ý; .l.i. . . -... ;I . -.... .. .. . ý . - -- .1 ýl l ;I .I I . -- i --.. --l -...

1tt lalt !I i i 1 41 111 11111 n1l !t i AlmU Hilt l [lilt 11 1 All is 1111 f4411 A144 4!1 ; !p! ; 111 ! 1111 i Hi llt j1 1 A !!7 11!1 1111 flsf 141111

:MI A HMli11 !W ;! AP A1 4141 1til! iilij Iitifqji fill ! t141 1 41!Ai.i lifti 1 11411 41141, A1141 11111 iliii "I1l1 Htiilll 4!444 1111 M it111 !!!1k
i.4 . . .4 .. --. I.. /lIJij.. .444z ----l Ii ............ 411 ill. l 7. .. ............. ....l .... .... *.II ...+i -il ...l .ll .j l

MU fift Hillt Hil111falHtt11111111HilIilfl il a m lm lm fll 11 li 111Hl li 41
,,, 11-I!! !iitt3 11 I wit 1 mil 1144 1111 tli,: aiti! "mn !!1tl 1111 !!It tjik pm it211441!4111 11111 i1 11 111in 11111

P4111 q ll "14144! A IA I~ l Ii 14444 .....I ..... jl.ll 'jll ....• ..... ...... ..... .ll 4jj* jj ..... ..... ....l 4 il llll .4 444

11111 Hfill fla~i ll Ill4D .... l mo, ill 11111 Hilll t1im HÁill Il oll• 3I R! !1qI n lif l l.. quilI111'M1 Hiiit itiil Ull 1111 iflI 1;111 44 ~ j jj 4444 44I +"Bl I! !! ! ! !;it1t ji~ig Iil( '!',I! 1111 ti!1 flit;ml li lt; 141 ! I J im illý ;!ix ii l umil "iii 1tS.. .. llll lll f ill t ill# i 11ll |Il o, ... ..... ..ll lil Ii .... li lllli~ l~P14I ttl 1 1 t ill!!! IM!!t MMl 1 !tt ttt ti 11iiit !it itttig tili !1!11 ttii tt!!i 11 ii i t It! !tii 1i'it iltt ltilts ttttt111

G- 12



III

I.
311

II

I!! lt pill mi | III! I llUi!11 ilnlu iI1 Imp p p n l1
I-!il inil~ "!•I!i- !I1 i ll --- --- t i n i !!1 i-!- ----- ----- --- nl--
MI.it M! il ! i !!!!! m ml Ml. i R! M !M!U ilm i11i 111it111 roorof

AM! M4!M i!!! l lil l ! M 1 ;f111 i!1 i !t!1 l ll ii!1! 1!111 111

!i!!131 1111 i1iti Uli l! ii i !1 i!!3 1"'1 i 111 i [f.l3Ulll !!ill for

.. . .. 33 . .... .... .... . .... ..... ... .. . .... . .... .3 33• m !!T!!!!! !!! tl ! !!• !!!! !l !!!! !!!t !!!I!!! !!• T I!!!!t !!!I! I!!
~~~1..4 !!!l IIIlllill II n l IIII Mi r I III fli rt ll i M too|II

!11!- Moo 111 I!!33 3l3or 3131 11111 1 11I 1111 .!1t .1 3 3 11W 1•r111 34

, !ii r ! rifi t1i3 11!111 4 9M floor P ?1 4i11 h l 1 It4tl ilU Ii! !t ill

f irt11 11111ii Hill li lt[ flirt 11111 111 9ll " 1111 P 111H 1•141 M1=11 N N ii

.i ...i .M 1 HMi HM Mo fill ? floo ri 1i44 41i! M!!! i!4

11111..... 4!!!!7 2li fi222 : 4 4. 4.: :: 44j4 . U!!! "44 !4444 U H!. U!!

Iill Ii!1!i1131111 IIi iitI3 11 Ul3 14412 I i mll. 4 ll4 l IIit 1.9.1 l Ii~l l l nljI l331 l U. !II 44t11 II1 1U l n !! !!!! !!!!!!!

* .42 . .... . . . ..-

!tu four! two!!f l 1!! I llll ! 1111t miil filir I!11 li!i11 1111 i1l u i|l!!1I!!IilI!!|I! !! !| I! !! !l

x * 1 %!!! tiUf I'M ;ill f11il M!!!! !;m1 ! l444 11111 !!4 4t !!!! ! f lU! I!!!! I !! fii 5!!!i fill! M

. ia ;ulIlnl i9!!! I~ili t1111~ Illis li him i Inl 11 11i 3 l il I 4i i 3 t1i 11 ll! !l31mlll 141i! 44113 liilt 39544 l555l 3Sql! 15559 93353 qqq !!

0 j,222 2..222 4,1 44 *24M. 4I 4 442 .42 ..... ..... .. 22 4442 422 I22 .. 2 ..... ... 4 - - 222 2 42

• j!i!' !!!iii.M i iiiii 11111, iiiii Miir WAi MU i .il i il!Ilttiii , i iii W 4!i iii t ili ii iii i q ! qq lq I!!l q.!. !
o .. . ..... . ...= I= : . : : ..... ..... ... . i: .. =• I: : .. :• ..... I II ... ..... ..-.. • . l 14 . . . .. . . ..

..1.1 ..... 442.4 444 2222 - 2 4 2. 444 44 . ... - ---
ma 4l Ill nuiln ; fuil !li 11nt! 32 tl 111- - --14! !!1 3i t t l i11134 llini fill! 1115% for

I !!!! 5iil3353 !1q 3'" i" niii 4i!! 44] 414il 4444Jl li 4 li!!!!!!!Ii !1 il lqq!qqqqq!I! II II I

22.2... ...... .. . ... ..... . ........ . ..2 .4 4 .4

!mt It!1 1f i I 1 1 fIn Ii ilif mut! 1 :,!t ! ! 1t f!! l ir 11 -: If ! I!1!1 11111 11111 f irt 111 11 frill 4 !! !!!Iq ! 4! !41!4 llnl 1j
I z4 -.4 --- -- - -44 ------. -IJ~ --II -1 -- -- .9 -.1. _-=i •.II _- _ . M ,i . .. .. . ..... ..... ..... ... . . ..

Ipif4 ii11 !!!!!!1 !! ! m 11 ifiiiIm futl il 111 I! Ifif ili f !Jl 11111 !!I!!!4! !141! ! ,!t11i Jq4 4 4I!! my pip11111 I111111ti 1111

. .... . ..... .. --- ----- ----- J...... ........ ... . .. ... ..

Uill11i fii irs 11 11 ifit impt filils 1 1ii fl oo i !iiili [iill tit-it ul fit i f Iik4 !4 firtl [illlt 4;1!4p l Il 41 l!

4.2 2li4ti.t oi 2 pm 22 44Ii 31i Mt i r li at four 1111A !lil Mi.it 44i .still 4411!4 " 4 !j 1144li4 Hlf kill! 11 1 4554 11111 Ji! q!

44-44 .... .. ---- --- 4.141 4jj;4d .11 ..... a44 ...l ..... ..... ..... .....
, ;iilil 1111t1tillstt i=. fl,, Iirt Er a!5ti! ittt it iit 1ittitl four: talililtt1 lttitttttl ttt1ttttimittpittttltliittt41t4ttt 11t1ii ltiqt

S4 j - 9 -. g

!p 111 or 111foo il; M HII111 111 iifflo iil fllfir flt il. ll 114444 !44Glp-11 113111



-I,

I

mu. if-II 11111 1UU 1.11

5 11 !M!! !flit !!!L i !!!!! !!it! !M ! !!it! i1it 1!!.1 11111 !!!
. .. . .... ..... ..... ..... .......... ..... -- -... . . ----. . .

MA 4 .144 A !M!!244il l4lil4l4t4! t 1 4i i i2- l itif t I lttf ! 14
ul . !!!!!!m fr!i fi!!i Il!!• !!!!! 11!!! jjil titit !!!!t Innl ifill In:

0. -... .... .-- 4 .. 4j244.... ...... . . . . . . . . ...

frtlilli ! ! Ctlif u 1111 Vislt i l111 i ti 11111 frin l I1I

fili fiif ffi ?:Ii IM 11 AMl U11 fiff 1411 M

ti a .4!1 !1 .I .i l ... ! ..... ! ! ..... ..... !• ! ...... ! !!

Is l 4I !!. ill t i . ItI.I1.11 1 1. 1 ,,I.i,11: 1•1•11 ; 444•24 .4.

... 4 ..... ..... ..... 44----4---- - _- - *44 ---- 444 - - 44 44 244 - - '4 4S 4

'"!m2 i44i4 f4i4l 1114i lilts I4!! t111 n' i m-i4 .i ME! ! MI1 1ti i1l

4iiitl -tii iiill ii1 Fll! mi ii li3 1 34 S! flUi ! IFt i ii11i 111 1, 5Itt d Ell
!i33 f1un1 ll) con 111 111fr Sji ill• I'li 111 112 1 1 3 1111 1 S1 fill: f il1 M#lf umI. I i mi mnll II im fi lll fiio: fnl m i m I, I l .. }! :;• f ill i

M iii Miiii iiii; ii!" iiii ;iii iiiii iijiii iiii iiiii !iitiii Mii 'ii

4244'224444 24444ili l 4422 44ii 4i4 !• 444 l ilii I4! 44i111 244 42444 44444 44444 44444ili lliil .44i4l 24li 4lil illil 444II li4t 4 2ii 44

itill mouI nn !! .In ptl ;tiff ! f! f frllt full ! Et I!lu l ! a lli l !!!t !!!i!!!!! ilt!1 I!! !11!! 1!il!1 1Il !

MH MH• fliRt Hi PIII Hi !iii- liiii Hil fl • I lfli I Ifi i RM ii M ll ll l~llliIliill li ii li il II

iimt !11!i Ii11l l 11flll I fiiill!t !ii! 1inl !p!!! !m!! !!!!! !i1 i"ill im!! pmll !!!i! 1!11! 111i1li 1fi!! t !! ! !till q!!l!! !!!!! 5f11t !ll!
ji -. _ .I. _. .i l .l: I: : _.:i _. ~ ... . i .... 44 ..... ..... ..... ...S a l l .. . . . . . . . . • -il. -... . ... _._ _ - -; . . ... I ... ' .......
14 iiit iiiii !!Miti iiiii "iEll M11 i i!• il! !i1;! fu!ll [lilt pini filt l! i 141!i 14!! lt l "111 J 1 Itii111[i l 111tli1 f! !1! 41!tit!! il
....1 ..... ..... ..... •.... ...I . .... . :. .. • :. . .I ~ ; 1 1 I • I I I I • 1 l l I . l . i l. .. l .i •i.. i

Itlli I!1t 44!144 i!11 !pi11 lilt, plitl ;;ml !61!i lll 414!ll! - ;tl , t mi w it !!! !! 1 l1!!!tli 111! 1 !! i 11!4 41i 4 I! 44!4!• 1!114 1 j j
ia . ll .. ... : ..... .... i l i~ lll I -I:I• •• il lll. ..... .... 411 -li ----- ,---.- ---- --- ..... 4 ,.. -i • --- -- -4A 4 4 ., - ._.. - -- --

liflifir I!IIl11111111141!111I!11111!! !! fl litIi u l!jj t!!!i !111t 11111 iHiii ii iii ii iM 1 1Hill

., . ll 4... .. . . . .. . _-~l i • .. I ..... I ..... .. J44i M a 1 '..I.. I .... . .... .. .. . ... aI Jl l -'1 . . . . .. . ... . .. • :4
iW~i t!! ! !!!it !! II ! 11!! "M "M !lift MIR! !M! MP li n fri!! ll't 11 !!!1 qvi!!! !ti it! f lul lii st!! !!!u! qll111 ;! ! 111t ! 1

.. ..... .....lll ..... ..... .. ll J_.j jjjli al l .... l .. . . . ...... 4 .._ .jý_ _ ,-.- -,ll .I I -,ll a l .44J. a .. I _ . I -' . . ... --- J- ~ Z - -- - -- -- -- -

;1.piiit 111• 11 ' ful tiul owi lilt'l muI 41mt lioll !!! ! lim lm ; i 1!it m 11 ii l!! !ill i1111 ;iltl 1.Itti :4111 !1!!4 11I;ll t! !1ii111i 4liii
44 . ai l I I . I ~ l 1 1 . .. l l i.... ..... ..... ...l *4. -- .... .... ----- ------ ------ ----- ----- ----- -----

mif n! l l Ell!!' !4 !!!4! I!kmi Ilin ti !!!m 1i!!Iii f ull -.III ini fll 1 !i 1| ma tm 1ill tli !!!!!! 11 iqlf filiti I111

• iit.. . !!

;;Iii iffi= ; 1111 iti p !t !!! mlit Eiji ll tir iii IM f!M i 11ll "m ifif 1iii1 !tIli !!4!! ! p I' ll, . !! .! ;,*!1If lint 11114 [ilift
a. II jjjio aII I1 .... , ..... ..... .. .. .. ....... liol jjj.ý qpil im i. . .Jjllllal

.111filil 11141t111114 1 mp iii iiti I tlt; 'E ll il iti !i!p liim•ii I.! ig i l 1 41 4!1q tii l t itl lil !! ! !i !! il !i iiltit l

!11111l l i t ill •i~ki lip! nllsl !lilta E1411 444!4 Jii~ prllit ! iillqq 4 1 4 !1141 jji~i Fu ~ll i -11.41 11 il 11 11 qM i ý 94.41 .... .. .. .... ..... ..... _.s .Jijji .i4iii ii .. ..... ..... ..... .4i4i~ ~i1•••H~ ~iii
ti?!.1m lm ll!!!je!! n llu !lft fll



3

I,

I 3."'

8'

i'

mp 4m 444 Willii flmA m!ii killi !!Iii pm m" kii iB ll 'miii

- i'! I11.. M !ii I..'! i .11~ !Mi* !!!!!!! !il!!ti iI. Iu I .i Iu milii I.--,ii i -i i-- --I----------------- --- -

I :o!
11ili1l1 IfilU 11 Il Hill If il 1111 l 1l l l l i fii il lii Il I

I !!! !! !i!!! nll "11 1 "ill l'1l' If .! Hi m n m§mii m11"if! um*44 1 fit"444! u ilm mu!!! mn 1!!!! hilt h !! !!! l id
.. .:: .. ... : ! . ... t l' ..... . t tl ...... ...! . . .

11 ! l i ' a'.' . .il .. t I i .. t .. i ... .. i.i ii,1 iml 11ni ili

M! l t11 ! Wit ! M!! 11f ! ! !! Iim i l t i4 l4 t l lifi !tt ll.

. 5,, '.! iiiii~ iiii iiii inni tiii i'iiii iiii nimi miiii iiiii miiii nm miii imm mimiefn li'*q !n. mn wqiw

MIk !i t11 l itt Ilit! !I ill 11 H il nl !!t H ll 1!!11 ltlll !!il!Ill!:

I i i111 lilm 4 l I 4 i 1 !iill ll A'! '!iit ! 1 1 1itt1 I'!'A 1! !i2 i .111A11 Iii !i'

-------- -1-------------------- .---- -- :- ----- --- :---------------------444

kII! ll1A 1 11 ! f i; 5 lil it !iglo 1 11 11 um 51 1111 tli!i t 1tml !!!"tli

pici iintn if iiii li il ili 
t

1t
1 1 

11i 1 11111 p iq 1 1 1 5 5 5lif ill5 5
Hill J iO i11Mi MU Mil 11ill 1111 uitiH ii still il1 tfi1

ti7ii iS1 iii ii t i ii W iiiiii iiiii MG it Uii i tii 141
iiiii .+I fill : I*; fill; Mfli 11Mi Ml MH Ml ;fil l 1111i : fil ifI Ill

m .. . .. .! ii H i !! j ii i; ;~ j ý j j j " j i* ' ' l j '
t1!11 I•!!! Willi 1111 11111 "4!!4 11!11 ""l! !q'!i !14 ...... ql!" pi" il i

a ...- -- -- - .... ........... ... ... tiI!l, .. 1tl - t-- t- J .. --- -.. . -- -i a...........tti.. .9flIil111111fm jlffls l! !! i! !I ~l m fu lfls1414M !M 1 1 m i

"Mlt M 4 ! l i M 44 444 HilIWilli MI ill nmil still Jill! 41444 pill! qntIl!! !!!!! p!•!!ill !1!liiilll!!!II!II!!!!!! !1 4444; !!!i J!! !I
.4 ...l ..... .. : l : i l . il l l l I I:.... ..... ..... ..... 4--j• J.ll ...... i ..... ..... ..... ..........'-'. ....... ..... .....ji,- - - -- -

!HtJi 11|!! !!!!I 11111 f is!q!p !!lim lifi! !ilif !ulm !! ii l~ !! !!!!! m!!! !!tfu lii Willi !!I!!!!!t !I!! full Ill!! pi mi141 444lm l
fil l = l ...... . . . . . ..... t-M . . .41-2 ... .. I : I: : .J l I I :..... ....... a - -- - - - j di... ..... . ... ... .. . . . ....... . . ... Hl l" •I!M!! M!!! !M!! !m!! !ml kill, !il il !!!! #fll!!! ! ml! J!iilltl!|! |!!!l !!I!! Im;! tiltl fill; Il!!|! 44t! Willi 44414 41444 IT!S. ....---- ----- --. ....... .. .1 i.li 4 l -----.. . .. ----- ----- .. .. .. . .. . . . 4 44.44 ... . . .. I . . . . . . . . .
jai !1 Ili!i jt-4 piit ;ili tl Sal!l I !! m lllmil 4m;! muli 1!11i fut llllmi il iiI!!!l!!II! I! !! ,!

[ ililt11i 11 i lI a !!!! u! !• !I iliiitltl! ii;t lli! i i lii ti iii i fli i fit ill ilm! 44m! !!!!! !I!!! 441ll 1!411 41414

I m ilti ti! t114 i!jl l p 1111 mlU it! i ! i 1114 stil l f!!illst tful !mli 11111 11111 ill!! t!!il full 1114 i! i !iti !1 114 ! 111 1411 q!i~t••..... ..... ..1 ....................... jij-4-
!it111fl!!!!!; ilml illil lilt!till! ki!!! !!44! I!1tl IIp! --all !1iltll !I WlnliI!!! !.J411 'pp! pp! 4144! p!ill 111 !11 P~i !!

.4il 44jj ----- ---- a J ... .. ..... .... 4l~ m ;;l 4-.l ..ll fil l~ li ll ~l ll ll.... a i .... . .... .... i~l
11111 lii I• !I!I 11 !11 !j14 ill! kiit 11 44 11 upl lil!i! !iit pilk !l 4144! ! 414!11 ! itiu 11111 !I!!! 41441!!• I nli411111!H.. ... .... ...... I .. .. . .... ..... ...... .. ... .. .... ..... . a 4 4A... ...... .. ... ~ l! I)til Wi. 1441 p.p wi fll t own 1111 fill 1111 Ism !f Igi 'un nlm fill! pill .Iti 11111.11144 !!!!! Il!!I !!I1111 Im iiti !11t

1 j j .,Jgj all .. i..I .. . . . j ý4 j j j a ;.I... 1-- 44 1 .----. 4 4 a .. -4 4
m11t sltll!!!I!ill 11111 4it !1! 11111 I!i il11 1 11ji 11411 1p !Iffi I!!1!11111 Ilp! 114m111 1 11 11 41I!! !l !!!! 1 1 ki lls l If illln 11111

I 1jai a 41 ..... J .I.--- l -4 ~ J d44 1 lil: - .4 = :: 1jjjA lai 4 .j' i j ...1:1 .. .- l .4444 4 44- -. ... -. I4j4 iiia
f!lul iili i lnl ful tl ilaq Fit lil l 11! ! !!l! !i wl lif t~ills !!!!! !!!11 111tlist 11 11111! Ilil! 141!441 11 Iitt l Iii n11Splil m ;l jjl~i i4 s il sm alu Ji j ill i 4 im ill ai t ,jI Jill! ..... Ill - il lall... lll1111111 ll li 1111
ul!l fultl qlik pi~lll l11tl ii i iti .flfit!1|lit ill !!!!! Ifltt;il H"t ill Pill Mil I1ll tII, I Hll 11111 iun ! 1 H!IM I~t ~n11"; 1Ia.4 4444".• + .1. 44 1.44 " J 4 . .. . 44 i. . .. a Ii l... l

INNt111 tliR m .... mi im m-l mti!!l ill m oumilt ti Iio i t i ttlipIIH!l niiii dl 11111 ft iyut~l



AmI ~ i 44 44 l! Al l m opm i

fil 4 ! M lll M !!!!3. Alto!3.3 "M..33 if!!! 333.33.3 3333 11 AM!3 WM33 t oo 1

* 13.134 3 13 1311 11M. Half3 Wit3 UM33 till! 11 3313 miGi UMii IV

! I 33111 ,13 1 1111 Aloo full333~ 11331piil fi 11111 fulinto 3113 In~

2il 2244J4 -442-- 1.. - - . -.- -I:2.-.

IP~~~~~~~~~~~~~11 ..... ..1 - 3 --- - - :- --- ---

Alto3 3.3333 333311 11 111 111a t 11111 11313 il

- 133 iiii! iti11 ;l1lt 13311 31111 11111 lilt! 11111 4f3333 ta 11 1 Ofi ii iI 11 I 31 ul 1113!!311l l u I! 13
Am13 3.3!!!! w tu ImI 11111 1111 '11 Hall 11 t 1 11413 li! Wit 11111 11113 [if lt u lf .3333 3333 ...33 .3 13 ~~ m

11 1 4311 3333 liI 3131i total 1111 11iilfi 3111 Half3 3 H3l3 133 illf M21 ll ll 33 31 11 h 33 ulillU~ 33 11

si 1113 1 3.33 Wi um1 Ia intofill; £ u iii i fail;..33..31 3311 'i 1ii-, 3333333 ..3 i 3333331 3W.333~12 I

1i tm -- n tmi imt3 itmm mi n
33111 11tH i3111 53311 till! DIP1 3,1 itt MINl iffic HIM1 M33 "i................i431 il 33 ll ~1
31414 3144 AM 31!! 13.!' it AMA 3 l it : H~i M!! 1 MIA 1 MIA .3 M" 1 !!!!MA !i M133 Half U3.3 113...1 MH..3f H...3331 331 MH A'3 Ifi .'A'2l 131111 31333 11113

... ..... ..... .1~~~~------ -------- ----- ----- 1--- ----- ------------- --------------- --" . 42 .---- -- --- ---- -------.-.---- -- li--4 I- 22 -- 222-2I[!! !!! ..333 1 1 I 11 .1 1 1z -,1;; [ti ll h MH11 11111 fifty Mal 11111 1iE1111 [il till? 3113111111 lIMI 11111 11111 11113 lilt331 331

A111 1144 1411lim 141 jj!tA i;- 1 1111 1 114 po ll 3 mat lifis 6 3-13111 131111 11111 11133131 fai [fll 3.33 111 31.1..11113ul1113133.still

off3. 1 .331 Alm .I 3.! i Aim 33. p lm !m !~ lip 3....3331333 mil3.i iliii "I ayII I I l iil I3 if I......... I .3Still 1 11i 'k" ! M ;3331 .1. .3..433331 1111 AM A ! IAi
--------------------------------------' ..... ----2 . - .2 - 44 ----- ----------

I13 a 11 I 22 2.22 113333 M IA1 Am 11333n lf I 111 11 333 I I I I11 I13 -!I 3I3f*II3 131 lim ill iiu333I3ifIifII i 33111I lift133 til 11 133.

331131ful1111u i 1 m,3,1113 tIIInn m lI i i.aim fi ISml;fl 3 111 5 offh I I11 I11 3fill
W 116313.111 11111 3 H lf Hal 1M ; 111313 1f total 11 1131 3333 ma3fi 1313 3 11-1133 131 131f 3i fl 3 111 1 alo3i3113111 11

.1 4 2222 4424 1 444 1 444 442 4ill 4 42 22- 2222 I 22 .42 _444 .22 22.2 .42 444 744z44 -- , I, - .- 4 44442 22242 I 2I4444 -- 21 44 .444 444 . 4_4I 4

a tta fil 111111 1113M3.Il 1111111 13111 3111 P1an3 Half2 [fil 4Hal2 111 atmal,:111 H l 111114M

Ma g of Ai Ai !!!!q i l ol [tII ill I I Hi l lii Il MH 111 ill lilof l IME Ha lll tot ll iiii 111 itonoliq!11 111 11111 Hl 11111 11111 11411I G - 16 .. 44411,- - 1..44 .' jý--.I-- ..JJj.44 il .4---I.J , 4j il .Z



I2

e2

8a;
Is

"EmoI

¶ 2 q 1qq !411P q!..I ;fill i11i miiil 11.44 Iq q 14m om I fqI! !qinqi !n !

-. 1.1H I t MR11 1111El 11.1.11 [fHi tll 1 11 nn1 1111 1111 111111
11111 !!! i i fng suff full m in !! I !! !!!m ! p4i!! !!!i ! !!!!! !!!!! !!!

!"if• 11111 !!!m im! 11111 full !!!!! p!!! !41!! 4!!!!! li!! ;!q!! !

.. .. .. .. .. . --- --- -...-- --- -.---- -.

piI!in q!n! m•int I m '., !!n!! a1aa! !111; !pif fll; !Ip 11nq 11111 I i'

.222.Z -. 4 "ý 44z - j22 244 . 22I-44--4 4444- 22 .. .4 -. -, .4.4;24.--

MiIII I!aii Mil M i n1n1 mIII 1 iIIII I nn I mIa1 I niII 11111 11111 itiul

. 4..- in.j 4 4 .... -....- --i -- a q '. i -- ll --. ... -i- .-- C . '. .I -- 4 . F3

p I!!il liqll !1 ! ail flat [ 111 !il !! 111 t 1 i iilt 1!1!! !tilt ii

Cu fIIII IIIII I umI 111ii IIIII IIII JIFIII 1111I I fIII 1III 1 11II I nII I

ijd .44jj ' ! - - --- , -- --- -- -- - - -~m

iii ii iil ti H U 4  Iii f i i iiit 16. MiZ Hill ilm i ill

w. ! !i4 44Iilii li~i! i!iii !!!!!!!!!! 3!!l! 1HH!! !!!H! !!H!!!!!!!! 3!!1! !!!

!itif mIl amii mil am11 aml I mII ! lim iii Hl 111 Il!!lf! li l

( I H!iM! IIII! 1!! lliti iii!! !!! !i!!1 !!!ii i!i!! 3!!!!i l !!H ! 333 11 !! iH !

4 14m 3 t1al .ill 11 ii Tim !!4! ! !!1!1 n ! I .! ll IIII

.i!1 liil tiill 11111 11111tliii ! 111 1 1ill i 11t 1111 iiil 1 4ll !!!11 11 ! 11W Hill 111 4! 11111 141 Il l II! pm

I--------------------- ---d -4 ..d d pm 44m • l41 pm II! m lp u1 441 7

lfs4!i liili I mI tii iiik pmi iiltl? !m11 ili ll ! iti t li !t ; Amti 11t1 !111M i l !4 l! il !4 p I!

!I!! p i iiitiliilliliitiil l iam t tInn ii !!ii 4141qq itiit ii ! 1144;4;4;! i ilp 1114;41441 1 af
..... i.i....'.."'..".i......i.....-'..". ...........'... ..".".'.....

a 444|I t! ..... ..! !,... !t .. ... .. J 4 iiit a~ .lt ..t... i .... . i . It.. ... .
l 11 ilm !!,ill I! p i111 m~ il III Ili flil11iln!111 i!!!1114 !liii I I, ! 11 Iaiil !111 I!1!!!i pp;q !U III!! II!!! Iilli lp! !p !!!1!11 411!!

1444l 1i lt il 1111 il i it ii Illl lilti iilii illl Iiiiill i!!!! Ilil illi --!I! IM Il 01111 111111 14111 11,11!!!!!I

4o.I•1i4.4 I a .. .. ......... d 41i 4 .i• l4 1 a •1 l l •d ............ ..... .. 4d d .. I ... ..... ..... .... .. i 1 iImI am t111!... ..
111 141111 Mlq Iiii Tii !i llii 14111 J i I ili 11 !!! 4144 llml -!! 11 fa~! ll! !! !!!l! I i Iii iii llq! flll! iiii! fql al I ff i!q pqll
44 id ..: .. ..... : . .... .. 4 J. 4 id i ; ... ..... ..... ..... .. .... . ... .. . .. ld i4 .. . . .. . . .. . . . .

I la 11t1! 1!l II il I 1111 !itti'! Is ill i 152,1J 11144 pip II!! iIt1' ti-!l I1141 pm!! i11 n 1 ,!! 1t ;il l fail qii1 I 111 4 Iii 1 i m IIII! 14111
ddi .... 44 :444 . J A. J--l 4J44i .41d AJJ jj ... ..... ...... Idi Ma 3 . 41i .... ....... . 4 444 4 jjj.. Alid."d dl 1 4 -4 .4 4 444. 4444d . . J. i ..

i111i 11111 1414! i114i 44411 11ilt .....1 1 11 fill, pip .. .p !,fi 1!sIm qll!!!Im I!,11111!111 111t11111 11
a .JJAa... . ... . ... ja44J..... .... . 414 .. . ...... ... jj. 44 .. ..

115 - .1111 fll alm q lq p !!II- I qql m flill 11111 11111 11111 1111 1113filq f!I l flalq 1114, !1111 flalq 91 in 1! !!1!! q q!1 11111 11111 111L) !!I1
J4 J 4444 4 ........... 4444 j 44 444 4 4a 1.-.. . .. .a. . ............. j . ......... ij3 iifll iiil !! 111p aI ~ •,ll. 11111lfl l !!! 1 lil flil 111 l!!i4 IIIII I!iil II!ia~ i ill ! IliU i!!!! !!!! 1ili 11111 ill 1 IB!

t 111 Ii ! I "M flai !!!If Ilii Iti t IIIII111 idill !!!!!1114 I J11!! 11411I I i ll," Pi ta! fla!!il i Iiili4 1411 ! 1 ! ! ! 1 Ittlt ,1 911111 111
SIW!ii l MR Hui HuiI Hiiui Hilti NII I uiii= IN!! i111t11ffi1001Hl m M ~ i u u ii IiiU

S0-17 •



3

3

I!

I

IIII! 1 UlI p illn l nln iiln pm i p llm p l lim i111 Ii ll l li

4 1111 M! 1 4! 11 nl i .!il 3!!! 3 !!! l1t 1111 nll 11111 !111 fit

-- -•--- | I!!!! ----i -- -- ! -!!! --l -i ! !!!- - -""mi Ii! wlll i !! iii i1 ii!• H ill i 11H III

! i 1i 1f i 11 l il ii ii ii till! 11111 hill 1 il ti kii ii i3i
-C tiiill n11111 I1111 Hill 1 ill 11111 MUl i lll i !! i I il1ll 111ll t! !
-- *; p il il l !!11 1 1|i !1111 nll 11S i U ll ! !! i ll III ! !!4 ! 14.. .. .. .... .i i ...i ..... iii.i.iiii.i.ii.i.iiiii~ i

* 2IilI IIIII 424i2 22242 IIIII 2II22 IIII2 IIII 4II II22 I ! I~I. .. 1! 1!I

! l iiUl !i!i !!ill l ! ii i ! 4i4

SIitjl 11l1li ii li~ • i jil ti llii j 111 I ljjjiii !jii iijii ll iiil!i

i1t11 11111 3,1H 11111 li lli il i 1 iti111 Mt 111 111

1W' ~ ~ ~ ~ ~ .. ... .... ... .. ~ 2 .24511 11 !Ill3 11

!III I Inll MU I Ihl Hill lll11 I1II nl l 1111 [fi ll 1 11 [ ii l hllS I II I III I u I

11li lI mn mi i !,l ili 11111 1111 li 11 HU 1 ! il 11111 111. 1I ! '! h'! B! ilil I I !! Uil ! ilili 5llil ilii 555!i
....%...... ..... W I.I ! ......... !!I W!! !!! 4 - 4 4 4-z --

5 ii pi 4444 444241MUM MfIfl H 4! Hl

4111~ ~~ ... . . . .. ... ... .. ....... .. . .. .... .. . . . . . . . .. i i l ,. . l : l~ i J l = .: • .~ .l. .

Ji .414144444 j444------- - .. . I- --.---

!i ! 55 !! I!! I!! ! 11 5 55155 ! 5 111 5 l !!|!! 55!!! SI!!! 513 155111I!!! II !!! ti!!i i!!!! 5!5!! !1!!!i li II!!! i!1 1 i 5| ii 1115il 55 111!! 5555

I 55113 11! !! 5 1 !!! 11113 !i ! ! !!!! fu! !! i511 1111! I1111!!!! i1f!l t l11 ! tlftt milli 1il 1m1!! l I !!!! 11 51.! !!i !! ! !
ja .. . . . . . ... .-.Jj~ll ll l .... ...... ...... ,. l.! ... ....= ..... ..... a l l i l f l .l l . l l . . .."lll !! I !! IM !! pill ! 44m ! !!!! mil ! !!! p i i !44!pi !!ii iii;i~ i !ii ii i i!!iiiiii iiilii!i!i!I!i i -ii f!!!!

..... ..... ..... ..... ..... ... , ...... ,... ..... ..... J ..... .. ....... ..... .... •l. ---l ----- ----- ----.l .: .l .II , ... . .

a Illp im • I llp M!! !• u lt ll }1 !iilll M qW ff, H MII !M I ll tli i !!!tl fuill fil!i !1111t tittiill !iii iln11! !llI!!! 111 !!1 !!!Ipil il

~ 1111 !I11!!!! 155! 11 I!! 311! I !tlt5mu!! 115 1 1 11 ! !! kw5 i n 5 411 ! !111 ll U !!14;full fiii 11!!1!1 ! 4! !4 111 I 1115 !!!p
- -- - - - -.... ..... .... l ..... .... j . ... ...... ..... .... -- -----

Imo, mil !114; 11144 I!i m! Ii .&f li W44i W 4l !!!!! I M S!1 li IM 411Mi Mi l M44! 4M! IIii iil l i t!! 111M! 114! 41MI 11 1 IilltJ. . ...... .... . . . ... . ..... ..... ..... ..... ... -- ---I . .... ..... ..... ... -... ..... ..... . ..........- --- -- -4.... . ... ..!!I
#I'll ilpi mil lmp pm 'fI .. b '•• •mill 11114111! ! !! !pp I'm 111 11 f "ii 111 ulB ii!! 11!1 11111 I'm 1t! ""p pill

a 4J aA.a - -. 444J44 a .......... ..... i.t 4 ... i z.... ....... . ..... jijjj j... ..... ..... .I..... ... 444 l jjj.....
klasll 1111144pll p•i p II1 ! !I l ! 1111 1 ilt l 1 11411 llm p ;ý!•! IIi ImI •ill l uln' 11111 1 !t !fill li wo!! •144 1141 1!1tl 1111t 411il

4 4 M ja .. 41 a 44.... ...1 ..... ...l 4J44. 4~i .... ..... ..... ..JI JaiJ 4. 4 all ... .... ..... ... ij 4 44l .i..

1! 1 .1t1i Illi, , 4I! 11111 11111 "111il IBiB fl I i!,,. .. .... p(• III ii,E, 1 m;i Ip p! pi 11 41 t•! ,,ilil, ..il mi pp 411i 11.., !!!! 11111 ,,liil m,~ll . .!!!
II 1111f1hi 1t 1ll 1i11 !I!!! i1iil 1111 11 11i1 11 1 p ti 2111i ilil 1111!!! .... !)I 11,1 I!!m miil, Iitf 11 ii~l -Iqln
4 j.. , a .... 11... ...... 441a a.M .j . ... Ii ,, ,= .1 J.44i iiii! lal .t.t ijl a a11.43 1 aM M . 14

111 111111 11 414 4 k" fullt I ;111111 ll ljilall mll 111 111 ifJJ4ll vi ll' Ill141 11111 11111 JI lp dd 1111 111

I Hui Itli ItI 111HillI 11111 Iitfil 111'I M ,111 I MIPI,,,IIiliii fli 111111 liffii 11111,,iil ilii=. 1 ! q1. li fi,, ... Bllf 11 11 II 11111 I fif., ,,,ii,,,lil ,1,,ili~ ~~~ ~ ~ ~ ~~J - .ii-. M••••i4 4JJ44 a ai a- A .4iiiiiiiii Jiiii-444 i44iii44iii4iiiiiiiiiiiiii i•



>
0

Sp 11: 11"212 1211221 !4.4!2 1212112 1 !!!21 q i2211 1211221 fill21 1222 2 1 14212 1 i
Met I IIIi Ufii tell itl title2 t21fitle~ 1111 Mlet IIIi fill! ! liE 4!!

z.. ......-... ....... ... ....11 .....121 .....121 .....222112 ..... ..... ..... ..

!m11 filSujll Ifil fl fl il II[flMe IIII

4 ,4 'fIIq I U U E it, 1 1111. M ll ! M !!Il.1 .121121 1..1.11 1 21111. 1111 1 21212 i l
M1111~ ~ ~ UI ! ~ldiiil Ilili WIl WI Hill tle1111 tteIII[ilfl

. ... . ... .4ll _ 1 1511 _.l _.1 11111 1155 112. 1 122211 1222 122141 1212121212121212

!"a3 !122 1111111111111122212121 1212212 m p222222222222111111111111 1222211112222212221111222! fill! fuel2112222221111112222 2 121212121fil!2fu1212!! I
j.1211212112121 -.21~1 .12 1 .122222222 11111111111111222222222222222 122211 122.12 122211122211 12123 _.2332! '1122..221122112211122-.2211-.22 2!

------------------ -. .. 4.4 :-. -.j-.-.--1-.- ---.-.---------I4 JJ J.. 22..22222,d4

I .~~J" - ... . .h .. ..... .. s ss~
ri iii 3333! 3312121 12222212222222!!3!!333 111211111 1222111223 HUI21 m et! 1121121 12123j1 12222222222122211211 I!! 33!! 333 3333 353

!~ 11; 1 ti tle el$ 1111 11111 11111 fill! f , 3' ! !!! mi213333111 filH fell121 122211 1!!!22121144212111 123!~ 3231111 1 4!2413122 41444 11133 3
W A33 3! !W! 3!!Ml !!!! Me3t 33333l 33333 I3f! !!! l 3!!!! pe ;a1!!!! 333 33 !!4!j !333! I!!!! !!Il 3331 w313 1333! I3'm pp1 ! q333 3333133!

333 !33333!3!!! !l 3!!!! PM33 3M33 3Met "3M 112W1112! M 33! MP 33 3333! 3!!! ! Me3313 mi' 33333 3 41333 l 3333 333333 31333333 13333
... ...J -31 -3--- -33 31!. ..... ..... ... ...... .33 .. ..... ..... ..... ....! 3-3! 333 3 .3333 ..33 ...3 33333333.3.3.. 3331.1. . 3

3333333 33133 3333! 3333 !u im!3 met1 full3 tite133 33! !!kp !q 337 l feel[ I33!3 331! 43331! title pp3 33 333333 , 33I. jj.1 44 _J id a .... _j ..d a



0S

II

II

3I

4

"- lI iiti l tii1t i A"-i A *.'. i . W INt t'i i4 i 4141 1.! 1 1.1 it f 11 1

111 flf Il u ;I! i 44f mll 1| 1 40 lt i it If l i 151 i #lift, i l* . i

11 M11i !liti . M i "g4 11111 it li 1i 111 1111 Hill i Iii

111 HlllIill Ml11) V4 , f 0-gi• } likit 10 1111 I i ll fll IIM Il I I| I1

11I 1I lol 111 :44i4l4 f ift 1, !l Ilill 111l1 3 ill3 IlI!! !!111I off

1111 H ll111 W f I~l Wi 11191111 il 11111 [fll4111of

i l 41O414 fiH M11 i11 4ill ! filt yfi! f ty1111 1111 Lih !!11 ml

[fili4i 4lil ki11 i'titl 4liM 4! !E 11111Hil l MI N 11111 11111 4i 4

. !! t t134 i11 ilI44 I I• !tilI!11. W•
f4 1 41itl lilt Alfv ill'' tlii l 44 I M 1 1 t I44 fw11 .I 11.1l i'Mii

i l~ * I IIfii..L I.. [if aM .I l.. If 149! ! '!i ,i! 14 !

1161 Mil 4 Moo1 444 U i. il- . .10i WO! iIi 1 ll4 I if 11 1111 M!! .' '

.. 11 4-24 -. :42 44- : -ý. 44.1- ;.' -

i. I i I i fi lIIt!! !" t i. • i 11 fttllt i I !11 i fit tl l!! 111it i tl iiiI li lliil III• • II I

ti* t tilt 11 !! ti .! ti!!! 1111 ii3 UfI~i ii!il 3!!!! !i 3 M•t 3t!'. 'Ai ! t !! ' 11ili 4111i f I111 i!tl! H!!! !W H!!! 3'AA3 !A!A!!n~ll t!!!t nln:ii 11m ! tl ti - !4i0 MUl Mill !!11i !!ill Ploti itif1 loll$ MN!U litl It~ti ilttlilll I!!!1ý ! 1 Ill# wil~l 4,1!i li q • 1 i1!!

tIii Ui Ifit. l!4t! !!r.!! ! '.! W I~ q ,lift oIffI 11 I I M f!! ill;i I'A • I1113 I I uiqA !!M I, If t il l!I !! ! !IM ill Iif;3!! 3i3 !4

MII; IWI Mi l !'!i. fill] lift[ .!!!! !! 3. 4 1 .3! ! A U14! !!333 'it A.! 14 " !!3' 'ji44 i 11141 .... ;! ! i ! J 11 !!! 1!113

144!fi !!!11 !i!! Itli I!!tl!iiti 114111l'' AA~''i'4' 41 !!!ii I!'A! H i l Ii!! 4 W1!!!!! W'!! l!!l! !!4 4 !! !
.... . .. .. t. .. . .. ... .. .. .. . .... . .. ... ... . . ........... .... ..... .. .. . .!i.i.3 ..!! !I ! ..!!!! I 3i!i 1 .. 3! . !!!! - !!!! -! -ti 3- - -!! -! . . ..!.. .... . .!!!! 3 . .! ..!! ...

-1 3 1113 i 3 ii!l Hill! Mo!!!o t033 lil 3 1 1 !! I!!! 3 !! 33!! 3333l 3i!!!!i 3333 !3!I! 33W 33333 33!!! !!!! 3!!!! !!!! 33313 Ho!f ......

311 11 !1111 tloo 11M! 33!!! 33!33 M 1 H f ! 11115! !!H!M M!!! 113 l 11l 1 33!!it um3 "'!! t o13i3 !111t mi3 3 tn l

! ..... l- - -.- 1 . ... .. . . . .i l .~l . . . .. 11 . . .. .l~ .4AJJ ... a!I lll ,ild i. . 1 . . l. .i . .. . l l .l l . .. .. .. ,

... .. . .l l .l l ..- .... ..
I ii 1 1i 11 fitt t li H|ill it Ul S111 1 111 11 12 l!!!!!!!!!i a 11 q !44! m Ilp

I 3.............!.! M3!!! 3!!i! M"133 3 i33 i tili 1 1! t!!3 !ii1i iW! 333 3i tlt! f!!!i, 33t1 31434 11! -3i!!I 333!! I' 33U 111!! 3333! 1i31t3

I lltii itit Il ii-•=. it11=l= J!i m t i j!! I !I lp ! 1141!I !Ipt! !!! p~ill .I, ,I L lim 14! !!!Iili -ili1 fu,,ill 44141 114!I 444ii Jimii 11llil 4441,

:,I joini 111tt i !!t! !!i!t tt 31i full11 t1 t itll tltit 41tt tliit tt IIFitt 114! ttqplt ttttt ttttittl! tttti ttt!2,t4 tlttt 1 111 ti



1111 1111 M I 11111 1411Hill1111 III! ! u 116ý 1114 11 , 0"

Iist"

.i l rn iilIII1 41 1p I offl A 11i jit I , f 111 ic

Is. ... I. : ..*-* - i~ :ý:: :; .--::ýý: :2 *I ms

-; ý : ;.: -: ..~ ..

"'A! i H.Ml,il fu l l I2 l f 1111 mn 14 1 11 : 1f., q fq l01

ja 14 4. .411 j . ... 44

* dil L ll inn min i inAM; 11 694 n H iffti f Iis A , in ituaf i'l uiqn 11 nu i su ii

j ~~~~~~~~--- --- ------------- ------ --- " --- ------- 1 - -------- -4 -4 .- ..... 41i Z-- . .... l.i-

1111ifif 1qu111 Iffif fi lll WWu 1 Iff3- t !!k ~ l l~ l m u U pm fli Ill q lm i l p !! ilm p !4qp !;i uIII a pP

444. . -- -- z -4414 444A4 4 1 -4 44 .. .. .- jdd'I

if'Ir M , ' ;' ' I !'40'!qlýpium11-;.'1-4 mp- j



i0
3

3!

3,

Oqp i m m k.22 sJ 1i~ 0i~ 4 h MENv MIT, f.it , :yi . If12 WI

I -91. ik ill .U ii r i I'M t44 "li-2 i si lks t1i ol v232r J191 IMI -1

Aii lkjýýiv l* i h 1ii i " i ýii .- if)h Hi ss iv 'I iý vi u iiii I

.1113. 9. ll f22 4.~ #041 1W II fi2ki NEW Iffil MI I I

I. f,3i 1 1 f 1* 9 1 1 rV M4i 1211 Mir~ 01114 lk l

lIVI If I I lvi,. rW, oiltIWx ,~~ 0.13!~1 0 1113 MEE 1 H il3l M11 iu I~ vi ~3 11 ~S 22 ~ nII 23 l2

*. .. . ... 224.41 44

1W I li !i ! M 'A i ý1 ¶! k !3! 2j!! Lý f *I' i. Uka i 2 ' 4. I f.41 t;4 9211 11. . .

I •lll 111 13 1 'IIIii ii i c 4 k 3 1 1 3 Mal 3 ! "191 HIP 3 3•3 3-3 I I I

". I ! if A Eli ` iII3I 3i31 JIMII i33, II3I I I "ii3 i!p!3ý ...... I " fill 3

M 3li l 1 1111 II! 41111 wl4i4 Ilitl ifl 11 1I I leg l t 111113i IH U 3llq iilk IA 11 P 3q l11 .i 1111 cello

I!11! !!!a! !Al!• A', A14 M14 ý 9 A ! Oi l! 1ij •!l!! 11 .!I II ] i j!! ;;jj! !•H ýP !, to;._ 11,14 1M! A!!l !!! ! 111!
...... ..ii " ! i . I...3 -! i3.1 ~ 3~ . 13. I I! S.3. .. . 33 . S .q . ~ .3 A3.u 3 3 i33 AA 3. .1 111.1 .!~l~i1.1 313

. 2 2l*i IPP 144 32 IIIII iii2 ll2 i H Ip ! pp• 1114 44, p3i3 ll3 p ipp !I 3!111 2!Ul 11111 iiqpll p3nll 3!H !!! 32l 1!2*2II l! !!!t1! lil !!!w -!! _. ! Am! mil p l, Jil!! !i141 !!ilt t ill p ~l pp,[! I ! qq lll Ifpill II! !H! !•!!!!• wtitl!l mp]
... P.2l e 4I424 .2222 m., ..... ..... ..... .. 1.. . .. .. .. ..... . .1... ... .. .....

iilme 11i In i i, fl l, !! 1m ! 3! ! ! i mi *i2i2 ! i 333t 3 mp 3.3.. l .ll II 3 Am)full 333. 3 3.1114 I3.!i3. fil !!!. mpd ~ ~~ .1 .. ... .. ... .............. .............. Ulil ..it . .... .... I ... ! .... I... ...

2!i 3 .. + I3 +'I'", . ! 21... .... ... 1! fujI 1.. i2 3+3. . 3"2EII! !!!!!! !l ! 3.3 I 3 l.3.92 l9 I3!!!! 3!!! 3!3!!! II IIIII~ 1!!!! .. 42.. ! 33!3 333!I 33!! 33331 A!!Ii ii ill i ! 41 4 Ji A!iE sell;Dill 2i444 - !!I! ! 4 11 p il ii i l 44444 44411 !i ! 114 i! 444 !! 44111 Ilill Iili! 4i4m
----- --- --..... 1 -. -- . -.. .,a . .. . . .... .I ... . ....I .... . .. ......... . -....

42242 iff 22 24122 11111 111.4 Hil.l falls- 4 JU I 11 4 114' 1421 jJ11 fil 13H !!11 331411 11.
14 JAM Hil 1 14424~ 3

qti iii I ! ! ! 333.3 i i i l t . I fall I- all 4111 n i 1.*.11 1 u3ll.! fil ifa191 !!1 !fa i .. ... .i42 l !! 1 l q At I.....~ ~ ~ ~~..... .......... ....... .. +.. .....f!I. ......~ + ie I!!Ht9 j4422 .. .....2 4.... .42 2 42 , 444 444 2 4 . .... .... . 4. 44 44 424 44 42!jjI.33

.4444111 2 4 !!! 2.22, p4.. 333 I 'm1 !1144 Alm am 1 493.111! life III', I Awl3. 4113 1 ipl 'if', "m31 5 1134 33313 p3!! 3313! 31 1141331 31333

, ... ... j .. . . ....." ..... ... J .... J.a .. .... ..... .... J442 44 44- - 4 4 ---- ----- -4 4 4l J4 ... ..... ... -! i 1 I ili- ,
MW~~~ ~~~~~I+ .LA~ TllI MIA! M41 A!il AMI! !ff!! W11 4141 441l WAt11 41 44 41111111l! !!!!! !!ff 11, !!i !I!I Hit i -

St 2ll22 111 M 1111 9111 33 2 12 1112 332fl p i £l321l fal113!3 22216 Hi 1 11 fee 1 !1!13 11111 pill;• 11 t 112
44144~~M 4224 A.24. 22 22 did4 444 j444! 44. r: j M2 444 444a ,4 44 44 444444

S44.4 h!3 l I!! 11331 1 3!!!!! i!! il3!4 1 5, 331333!! Al 1 !!! !! 111t11 1111t 11 11i llf33 23a3: ;tell IIIi f l.3. 11 44444 lf 1d 11 111 11 1" 111 Jl 11! 11111 Ili I 3 Jill! 3133 1" 1 3313 1111 111H +Ji11 n is
I. -. .... . Hllil l lll ll l,1 ill4 iitii j J.-~ .!i .!i .i! . ti . Ii .1i . ~ t4ttt 11. j111 11111t t HH!t tHltH HimltR 11Hl piltit MRt lpl



al

HI2 I 11 N I H I I I il 1

* H!!! 1!! HIM HIM !!! HIM! HIM! !HIM Hill WI W." ! 1W q

, PH ...! ..! .H ..... ....! H! ! HH ! H il 4141 1114 14111 "! !
Hill!H 44!! 111!! !H!! !!!H1 4141 14111 11. Hl114

H131UIM 1' Hi 3 HHHll HH ilH11111 11 11HIR1 OWl PMl WI! WUIl

444. .111 H , 'UH !!!! HMHl 41

5 i f3! 1!!!! 13333 fill3 ! ! f !33 111 11313 !! 1111! 11113! 11 1

44 1~d , Ia . -z ... .. ... .

Hil 3333 11113 ! 141 13 ! H IM HIMH HI M Hill!!! !HIM Hill Hill3 IN3 !!I!!H! !! 33 31 !! !!!H! 1! !! !
443ad,! ! 1 H!3 ,1 Hill ]fill 33!! 3!!11113 1, ! Hill Hill fill, III !H 3! !!333 33 31 !! !!!!IIP1t

- ai 4431! ilia !H!! Hill3 Hirt! 11!!!3 11 3 131i 33 1 4 !!!!! H!!! ii 3! 3! 1! H 1! W 11 3!H! 3! 31!!!!!
'Ifa 11444fii 3W! !!H! !! ;a!! !It'll131"3!! N 3!! 3l!!! !1 !! 333W I!!3!!!3 1! 333!!'!3!33H! l !!IH

111 H 333IM! 1!!!! 1!!!! HIM! 13333 3H3ll 3333 !!! H i 1 !!!HI 1133 333 111 1 HIMHil3H11133 1313 3 M333E! 1131131 13133133333313!HIM 3HI!
111 HIM3 33!3131!!! HI!M 1 333 !fill 3H3l ! 3!!!! 31 ! IMHI 3!!!! !13 1 3331113 HI !!!!H 1! HI W H312 !!! 1131311 33 HI HIM3 3313! 13!!

I a 313331 3 HIM 1 HIM 1 331 3131 3333 H 3i!l H IM H! 111!! IBM HI 31133 33 ill 3!!! ! HIM! 1! 13333 33333 33!! I!! 111313133'. 41H 333M 13133
111 33333 33333 3!!!! 1; 1313!533 1 3313 333! HIM ! 3I IM11! 33333 Iff331 13!131111333 1111313ill3Hill Pi!l!H11313 11133 33333 3333133
111111 333 HIM3 1! 1113!HI 13 1 35333 33333 11 33T3 33!! II 3!!!! 3331 E33 1!!1 1 313311 3331HI 33133l1H113113 111 111 H 33l 3 1331 HIM 3HE
HI Hi3l3 33 11313 Hill !fill H33M HI33 33333] HM!! ! fil P! 3!!L 131 3 13131313!! H!!! HIM 3 H 313 31313 Hi !!! HIM 1 film 3Hill3!3illM 13333
111 53333 1111 3113 13 Hi ll 33333 3333 53533 3 13131!! 11133 ME33 33i3l HIM i1133! 11313 Bill33 Hil3l 13131 11311 i 1331 333133331Hill
Hil 33333311 3! III!! HI !! Hill 31'.311113 3 133 33 11111 1 3 E 13133 131333313 11113113! HM1113 313313131 3! Hil 3il 13 E11333 1 Bill131NMI
j~fl 191Hl n ilHMIl"'i 111" 11 III-il " filfilI I EHMHl fmHl

0-23



o 0

I4 .4 IV &I
g1 05. ~ C

41.

- * 41 
0~ 

41

.~ .444

v 00 w
~ ~4 U *l

14 U~ I4

0.1C .0.*



0 0

, *a 0 1 4% '" *L 0 lll14

Iwo 0 441, 4l-0. 1
41 ~ .4. aEl j A 44 El E

O ~ .Ml %4 sU . Vl5Aa

.0 0UE

09 00 93 U 0 14.

kj 44

I 4 I'S f l 0. .. 5 ..

44. 4 00 44.

.. 444 44

s ~~ ~ ~g a I l das

.04 IN14q4 I 3 A.11 44 if-

14909- A4445 E


